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ABSTRACT
IMPACT OF TRUCK REGULATION AND 65MPH SPEED LIMIT
ON TRUCK ACCIDENTS IN NEW JERSEY
by
Rajat Rajbhandari
The state of New Jersey enacted two regulations with significant importance to the
highway operations: 65 mph speed limit and truck restriction on the National Network.
The speed limit of 65mph was used on limited sections of interstate system highways
with an objective to reduce energy consumption by vehicles and truck restriction was
used on the interstate system and other state highway system to reduce large truck
accidents and thereby increase truck safety. In this research, the safety impacts of these
two regulations on truck crashes were studied.
The research focused on monthly truck crashes along the highway sections where
the regulations were implemented to determine whether there was an increase or decrease
in truck crashes. In addition to simple before-after average comparisons, a complex time
series method was used to analyze the monthly truck statistics. The effect of regulation
was analyzed as an intervention parameter in a Box-Jenkins Auto Regressive Integrated
Moving Average (ARIMA) model of monthly truck crashes along entire routes and
section of the routes. In general, the results were inconclusive.
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Chapter 1
INTRODUCTION
1.1 Introduction
In recent years, there have been numerous attempts to improve safety on roadways. For
this purpose methods have been devised, mathematical models have been written,
hardware has been invented and used, design standards have been modified etc.
However, understanding safety to its fullest is still a challenge, and still startles any
transportation engineer. It is important to understand how safe is the road that is being
designed or to be designed. Safety is still a challenging issue among researchers and
engineers, and they are the one who provide decisions based on different indicators,
which affect the safety on the road. Professionalism requires that the safety consequences
of such decisions be known.
Commercial motor carrier safety is an issue of increasing concern to
transportation professionals and the public alike. The share of truck traffic in most major
metropolitan areas has increased substantially in recent years. Since demand for trucking
carriers is a derived demand [related to the goods component part of the Gross Domestic
Product (GDP)], as the economy remains strong, there may be a continued rise in truck
traffic. This is especially likely to be true with increases in e-commerce and home
delivery services. Motor vehicle travel is the primary means of transportation in the
United States, providing an unprecedented degree of mobility. Yet, for all its advantages,
motor vehicle crashes are the leading cause of death for persons of every age from 4
through 33 years old (based on 1998 data).
1
2Fortunately, much progress has been made in reducing the number of deaths and serious
injuries on highways. In the year 2000, the fatality rate per 100 million vehicle miles of
travel fell to a new historic low of 1.5; down from 1.6, in the rate 1997 to 1999 period.
New Jersey is a northeast "corridor" state and serves as a principal highway travel
corridor to and among the northeast states and the rest of the nation. Ten percent of the
nation's freight originates, terminates, or passes through New Jersey. New Jersey has
older and more congested highway transportation infrastructure than most other states.
Truck sizes that work in the Midwest can cause problems in congested northeast highway
traffic conditions. In 1999, there were almost 22,928 accidents involving trucks in New
Jersey, which is about 8% of all motor vehicle accidents. Trucks were also involved in
2.3% of injury accidents and 6.4% of all fatal accidents. In this regard, the study of safety
with a special focus to trucks is very much desired.
1.2 Background
As an initiative to save fuel after the Arab Oil Embargo, the United States Congress
adopted a national maximum speed limit of 55 mph in 1974. This national maximum
speed limit remained in effect for 13 years until 1987 when the Surface Transportation
and Uniform Relocation Assistance (STURA) Act was passed. The STURA Act
permitted the states to increase the speed limit up to 65 mph on rural interstate highways.
However, the state of New Jersey did not change the 55 mph speed limit, as very little
mileage qualified as rural interstate. In late 1997, the New Jersey Legislature acted to
raise the 55 mph speed limit to 65 mph on portions of the state highway system,
3including but not limited to interstate highways and highways of similar design and
access control. The new law was approved in January 1998 and designated 475.5 miles of
roadway for 65 mph speed limit in May 1998. The New Jersey Department of
Transportation then conducted an 18-month and 36-month follow-up study to look at the
impact of the 65 mph Speed Limit on safety, average travel speed and environmental
impact.
This Federal "Surface Transportation Assistant Act" was passed by Congress in
1982 and mandated all States to designate a statewide network of roadways to
accommodate 102-inch wide trucks and double trailer trucks and to give these vehicles
statewide access to points of loading, unloading and service. Prior to this Federal Act, the
standard vehicle width both nationally and in New Jersey was 96-inches, double trailers
were not permitted in New Jersey. In 1982, the New Jersey Department of Transportation
opposed the adoption of Federal mandates to increase the permitted widths of trucks up
to102-inches and the movement of double trailers. For the past 18 years, the New Jersey
Department of Transportation has consistently opposed the adoption of Federal mandates
requiring States to accept wider, longer, or heavier trucks. State regulations instituting
truck restrictions was signed by the Governor in July 1999 and became effective
immediately. The regulations prohibit the use of double-trailer truck combinations and
102-inch wide standard trucks from using state highways and county roads for through
routes or shortcuts between the National Network highways when these truck trips do not
originate in New Jersey or have destinations within the State.
41.3 Problem Definition
As with any policy change, there are subsequent consequences. Numerous studies have
been done to understand the impact of 65mph Speed Limit and other traffic safety related
policy changes. Some policy changes have visible and direct impact and can be easily
measured in quantitative terms. However, for some policy changes like the introduction
of 65 a mph speed limit, the impact results may not be obvious and then even can be
conflicting, making it difficult to assess the impact of the increased speed. Some
researchers have given conflicting results even when the study is performed at the same
place, because of the different variables used. In understanding the safety impacts, there
is no limit to what variables and indicators can be used and their effect on safety. Also,
there is the problem of generalization. The same policy may have a negative effect on
some routes however, may have a positive effect when looked on a statewide basis. One
of the major issues in safety studies is the selection of statistical methods. There are a
number of statistical methods from simple to complex and sophisticated forecasting
methods. Also, the availability of the data puts a lot of constraints on what kind of study
can be performed, which statistical method can be used and to what level of detail the
study is to be performed. Usually, once any regulation is put in place, there is an
immediate need to find its safety consequence, which puts a limitation on the time span
of "after" data and "after" analysis.
51.4 Objective
The objective of the research is to understand the safety impact of the two regulations in
New Jersey. The research focuses on the safety impact of the following regulations:
• the 65 mph speed limit enacted in 1998;
• and the large truck regulation in 1999.
A follow up study to assess the impact of the large truck regulation has not been
performed by NJDOT itself However, NJDOT has performed an 18-month and a 36-
month follow-up study for the 65 mph speed limit regulation. This research also
compares the results provided by the NJDOT in its 18-month and 36-month study. Since
both regulations were implemented one year after the other, the research also looks at the
combined effect on truck accidents in addition to the individual effects.
Among the numerous statistical methods that could have been selected, the
research focuses on time series analysis and before-after comparison statistical methods.
The Statistical Analysis Software Package (SAS/ETS) was used extensively for time
series analysis. The research also details on the various issues towards performing the
safety studies and will try to answer the following specific questions after the statistical
analysis:
- Did the regulation increase or decrease the monthly truck accidents?
- What was the combined effect of the two regulations on the monthly truck accidents?
- Comparison with the 18-month and 36-month study conducted by NJDOT?
- What are the comparisons with results of other authors?
- What further studies are needed to better analyze the impacts?
- What are the limitations of the research?
6The use of time series analysis as a statistical method may sound like using forecasting,
however the focus of the research is not forecasting accidents, but to study the impact of
the policy in terms of positive or negative impacts, which uses forecast models. The
research does not focus on the detail explanation and derivation of the statistical methods
to be used. The research instead focuses on how to use these methods with available
software for this specific purpose.
13 Thesis Layout
Chapter 2 contains the literature review and a brief description of the statistical methods
and tools being used. It gives a brief description of time series analysis and the SAS
software and the methods used by various other authors.
Chapter 3 describes the policy impact studies used in this research — large truck
regulation and 65 mph speed limit. It provides details of these regulations, as
implemented in the state of New Jersey. It also provides, in detail, the findings by various
authors the safety impact due to 65 mph speed limit in different states.
Chapter 4 provides the safety variables used in this research and a justification for the
choice of variables. It also describes the variables and indicators used by other authors for
safety studies.
Chapter 5 discusses the data used for this research and includes the data source, data
extraction and data limitations.
7Chapter 6 discusses the methodology used and describes in detail the theory behind the
statistics. It describes the Box-Jenkins (ARIMA) method for statistical forecasting and
the Intervention Analysis by Box and Tiao and the Before-After method. This chapter
also explains how the SAS package was used to apply the Box-Jenkins (ARIMA) method
on truck accident data.
Chapter 7 discusses the analysis of the data used — monthly truck accident data. It
provides the results obtained from the Box-Jenkins models and Intervention analysis and
Before-After comparisons for both the truck regulation and the 65 mph speed limit study.
Chapter 8 contains the conclusions of the research and describes the results obtained
from the research and discusses the limitations of the research in terms of methodology
and variables and resulting results. It also discusses methodologies and ways that may
produce improvements through future research efforts.
Chapter 2
LITERATURE REVIEW
2.1 Introduction
Numerous policies are proposed and implemented at different times to make the
transportation system more effective and efficient. In recent times, a number of laws and
regulations have been implemented associated with highways and roads safety. All of
them aim at reducing roadway accidents in someway or the other. New safety policies
are put into place based mostly on past experience and the predicted future impact of the
policies. Trends have been such that after the law and regulation has been implemented,
its effectiveness is studied using various techniques-mostly using existing statistical tools
and models.
Unlike many other engineering failures, failures of safety are not self-evident. It is
difficult to explain the exact reason for the high frequency of accidents on a road
segment. The requirement to know what are the important factors, their measurement and
also to account for their effect correctly is a difficult process.
Numerous studies have been done to measure the impact of regulations using
various statistical tools ranging from simple from "Before-After studies" to complicated
"Parametric analysis" and complex "Box-Jenkins model". Also, the choice of the
dependent variable is open including: total accidents, injuries, fatalities, rate of these
variables or per vehicle mile of travel. The focus could be an individual state or on
individual route or group of routes.
8
9A quick review of the literature to find which techniques and methods were used
in past studies shows that a wide variety of statistical techniques, dependent variables,
independent variables and time periods have been used with a variety of results and
findings (Rock, 1995). Also, the validity of statistical models and their results could be
questioned and criticized, since no statistical model is perfect.
Besides, ARIMA (Autoregressive Integrated Moving Average) Box-Jenkins
method, numerous authors used multiple regression methods as alternative time-series
analysis. Multiple-regression analysis is a multi-variate analysis and hence, includes more
variables and data than the univariate ARIMA method. This research does not include
multiple regression or other time series methods besides ARIMA, due to lack of adequate
data.
Irrespective of the method used, the basic intent is to investigate the existence of a
significant difference between the before and after period data, which can be attributed to
the regulation. Out of dozens of methods available and practiced, two methods, Before-
After and Box-Jenkins, are discussed in detail in subsequent chapters. This does not
necessarily mean that only these two methods are suitable. The reason for using these two
methods for this research is explained in the following chapters.
2.2 Before-After Study
2.2.1 Introduction
The "Before-After" comparison is an approach commonly used by many researchers to
analyze safety using historical data, consisting of indicator variables of the accident.
Different researchers have different philosophies towards what method should be used to
10
estimate the effect of the regulation and its safety impact. For some, comparing accident
rates "before" and "after" is enough and others believe that randomized experiments are
necessary. Many inferences about the cause and effect are based on data that come from
observational studies and not experiments. One of the main reasons why a "before-after"
study is in disrepute is that, among transportation engineers the term is synonymous with
a naïve comparison of -before' and -after" variable, which does not take into account
effects of other factors that may influence the accident frequency or fatalities (Hauer,
1997).
The natural domain of the observational "before-after" study is the circumstances
when the entities that are changed by the regulation or treatment retain much of their
original attributes (Hauer, 1997). The introduction of a speed limit or seat belt law does
not modify the road network, the drivers or travel patterns. The idea behind a "before-
after" study is quite simple. To determine the safety impact of a regulation, the number of
accidents in the "before" period is counted and the number of accidents in the "after"
period is counted. If nothing else is changed, the difference is attributed to the regulation.
However, the safety of everything changes with time. It is difficult to assume that had no
treatment been applied, the safety in the 'after" period would have been the same as in
the "before" period. Hence, the logic behind "before-after" study is that it is important to
assess the effect of a regulation on safety based on the comparison of what would have
been the safety of the entity in the after period had the regulation not been applied, to
what the safety is in the after period (Hauer, 1997).
However, the assumption of such a comparison is that the count of before
accidents is a good estimate of what would have been the count of after accidents. Since
11
traffic, weather, demography and other factors change in time, the assumption is
obviously incorrect. Hence, the simple comparison of accidents reflects not only the
effect of the treatment but also the effect of changes in other factors. In spite of its
obvious flaw, it is still used because it is a natural starting point for elaboration and also,
it is still frequently used by authors and engineers (Hauer, 1997).
A Before-After study focuses on two basic tasks:
1. Predicting what would have been the safety of the entity in the "after" period had
the regulation not been applied; and
2. Estimating what the safety of the entity in the "afters' period was.
2.2.2 Prediction
There are different ways to predict the safety of an entity in the 'after" period had the
regulation not been applied.
1. The prediction of the safety in the -after" period can be done based on the safety
before the regulation and assuming that safety would be the same, if the
regulation had not been put in place. This seems to be a strange way to predict yet
this is practiced frequently considering the fact that it is not true most of the time.
Also, it does not take into account the time trend and the already present
decreasing or increasing pattern of the 'before' data.
2. Another method is to obtain the average of "before" accidents and count it as the
predicted "after" accident. It is based on the belief that by averaging more data,
accuracy is better obtained than without using the average. However, this method
also does not consider the underlying time trend beneath the data.
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3.	 A third method is using the linear least-square fit on yearly or monthly accidents.
This model is then used to extrapolate the future data. However, the confidence of
such an extrapolation would be less sensible with few numbers of data. Linear fit
method is the simplest among all the other regression method and widely popular.
Intuitively, it can be seen that all of the above methods would produce different results.
The existence of many different methods and many corresponding estimates of change in
safety is disconcerting and is the main reason behind conflicting results.
2.2.3 Estimation
The predictions of what safety would have been if the regulation had not been put in
place needs to be compared with what safety is in the -after" period. The estimation of
what safety is after the regulation is less problematic than the prediction. The estimates
are usually based on the "after" period counts.
2.2.4 Naïve Before-After Study
Hauer (1997) considers the method of predicting what would have been the expected
count during the -after" period using the count of the -before" period, a `Naïve" method.
In spite of its obvious flaw, this method is still used and can be a natural starting point for
elaboration of a study. The problem with this approach is that it cannot distinguish
between what is the effect of the regulation and what is the effect of the many other
factors that have also changed from the "before" to the "after" period. The source of this
problem is the inadequacy of the "prediction" component of the method. This would not
have been the problem if traffic, road user demography, vehicle volume etc were to
13
remain the same in both "after" and "before" periods, which obviously is not true in most
of the cases and particularly if the time horizon is long.
One of the important factors that changes between the 'before" and "after"
periods, and the influence of which on safety can be modeled is "traffic flow". Hauer
(1997) proposed methods to account for traffic flow in the before-after study, even
though the exact relationship between traffic flow and expected number of accidents is
not known at this time. It is a common belief that changes in traffic flow can have a direct
proportionality impact on the number of accidents.
Comparison groups can be used for prediction, which accounts for the influence
of the unrecognized and unmeasured factors. At present, it is a common practice to
account for the influence of all factors by making use of the comparison group method.
The central idea of using a comparison group is to identify a group of entities that
remained untreated and that are similar to the treated entities. The treated entities form a
"treatment group" and the untreated entities form a "comparison group". The theory is
that the change from "before" to "after" in the safety of the comparison group is
indicative of how safety on the "treatment" group would have changed.
To study the 65 mph speed limit, numerous authors used 55 mph speed limit
roadways sections as a "comparison" group to see the difference in changes. Others used
a comparison of different routes with the same 65 mph speed limit. For this research, the
comparison method will be used for the 65 mph speed limit by comparing accidents for
different routes with the same 65 mph speed limit regulation.
NJDOT performed an 18-month and 36-month impact study of the 65 mph speed
limit regulation. The discussion about the regulation and the findings on safety impact is
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presented in Chapter 3. In their simplicity, before-after comparisons always seem to work
as a launching ground for any - safety analysis study. Some authors compliment complex
times-series analysis or regression analysis with simple before-after comparisons. In
addition, time is an important factor, and in most cases, it has been found that the effect
of safety fades with time due to factors associated with road user adaptation to changes.
2.3 Time Series Analysis
2.3.1 Introduction
Data used in the evaluation of public and private policy impacts frequently occur in the
form of time series (Box et al., 1975). Questions of the following kind often arise: "Given
a known intervention, is there evidence that change in the series of the kind expected
actually occurred, and, if so, what can be said of the nature and magnitude of the
change". Comparative studies have shown that time series analysis is particularly
appropriate to identify significant shifts in transportation data associated with legal
changes, independent of observed regularities in the history of the dependent variable
(Rock, 1995).
A special feature of time-series analysis is the fact that successive observations
are usually not independent and that the analysis must take into account the time order of
the observations. When successive observations are dependent, future values may be
predicted from past observations. One of the criticisms of time series models is that it
does not consider the "information aging", when trying to analyze data spanning long
periods. It is believed that data might lose some of their value with the passage of time.
The quality of the observation is not taken into consideration in time series models and
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all observations are of equal importance in the model. Time series models are a type of
static model and have one set of parameters with values fixed across all observational
units. Static models assume that the relationships between the model variables remain
constant across all observational units.
Of the various time series methods, the univariate Box-Jenkins model was
deemed more suitable for use in this research. The use of multiple regression methods
and multivariate Box-Jenkins models could be used in as further studies as these analyses
methods are complex and demand greater attention and more data.
2.3.2 Univariate Box-Jenkins or ARIMA Method
Box and Jenkins (1970) developed a systematic procedure for analyzing and forecasting
time series values and the procedure is often called Box-Jenkins methodology. The Box-
Jenkins approach to time-series analysis, forecasting and control is a powerful but
complicated procedure. The method is useful in many types of situations, which involve
the building of models for discrete time-series. The Box-Jenkins model is also referred to
as the ARIMA (Autoregressive Integrated Moving Average) model. ARIMA models
enable the analyst to mathematically represent complex time series patterns (Pfefer et al.,
1992).
The specific model is derived from the general ARIMA model. The choice of the
ARIMA model is also somewhat subjective and often multiple formulations are found to
be useful. Hence, numerous models can be developed with different parameters and
transformations to see which model has better outcome in terms of some selection
criterion (Chatfield, 1985). This greater flexibility is both a strength and weakness of the
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Box-Jenkins approach. The advantage of being able to choose from a wide class of
models, rather than being restricted to one particular model is clear. At the same time, the
subjective assessment involved in choosing a model means that considerable experience
is required to generate and interpret results. One of the important characteristics of the
ARIMA technique is that it is not arbitrarily fitted to data, but rather, built empirically.
For a given time series, a model is selected from the general class of ARIMA models.
The selection is based on empirically derived characteristics of the series.
There is no fixed requirement as to what number of sample data or time-series
data would produce better result. Box and Jenkins suggest that at least 50, and preferably
100, observations are needed for their procedure to have a good chance of success.
Anderson (1977) argued that in social science studies, an effective Box-Jenkins study
may be possible with as few as 30 observations, since there will be often as insufficient
run of compatible data. SAS/ETS package also considers using more than 30 sample data
to develop an efficient model. Box-Jenkins models are best used to analyze time series in
which the sampling interval is small, so that a fairly long history of data can be
accumulated. However, if the history of the data is long enough to provide sufficient data
for the model, the underlying process generating the time series may be changing. As
with regression models, ARIMA models are sensitive to outliers (Chatfield, 1985).
Outliers are also called as "freaky" data. Outliers are known to create havoc in the results
of the statistical analysis whether simple or complex. Hence, it is necessary to have
methods to detect outliers and exclude them from the data series. One of the approaches
is to estimate the parameters of the model in a "robust" way and detect possible outliers
by plotting the residuals. Numerous methods have been devised to cope with the presence
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of outliers in the time series data. However, they will not be used in this research due to
their complexity. It is assumed that the available time-series data is -outlier-free". The
major advantage of ARIMA is that unlike regression, it explicitly takes into account all
significant autocorrelations within each variable and does not assume that the error terms
are independent.
2.3.3 Intervention Analysis
A Box-Jenkins model can be used in two ways to find the effect of a regulation. First, it
can be used to forecast data after the regulation and compare them with the actual values.
Second, it can also be used to find the effects of an "intervention" term that began at a
specified time; the value and statistical significance of this term indicates to what extent
the policy had an impact. The intervention term is modeled as a step function (0 before
and 1 after). In an intervention model, the input series is an indicator variable containing
discrete values that flag the occurrence of an event affecting the response series. This
event is an intervention in or an interruption of the normal evolution of the response time
series, which, in the absence of the intervention, is usually assumed to be a pure ARIMA
process. Intervention models can be used both to model and forecast the response series
and to analyze the impact of the intervention.
Box and Tiao (1975) developed intervention analysis as a specific application of
ARIMA modeling that enables testing for the impact of an intervention after statistically
controlling for historic patterns and other known interventions. There are two
requirements for the use of time series experiments:
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1. The social process under investigation must be operationalized as a time series;
and
2. There must be a discrete intervention that divides the time series into two distinct
segments, one consisting of all pre-intervention observations and another
consisting of all post-intervention observations.
2.4 Other Statistical Studies
2.4.1 Before-After Comparison Studies
The literature search showed that simple before-after comparisons using percentage
change and in some cases a statistical test of significance were used more than complex
regression and ARIMA methods. It may be because the method is simple to follow and
implement and can still form a base for complex studies. NJDOT performed a percentage
change comparison for its 18-month and 36-month study of the impact of 65 mph speed
limit. The study used the total accident, fatalities and injuries as its indicator. Kansas
DOT also performed a study of 65 mph speed limit impact study using before-after
accidents, fatality and fatality rates (KTRAN, 2000). Some of the policy impact studies
done by different authors using before-after comparisons are tabulated below. Studies
performed by various researchers using Before-After method for 65 mph speed limit are
listed in Table 2.1.
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Table 2.1 List of Policy Impact Studies using Before-After Method
Authors Focus Location Method
Baum et al. Fatalities US States Before (1982-1986) to after (1989)
for 40 states raising speed limits
and 8 states that did not.
Brown et al. Accidents-total
and by type
Alabama 1 year before to 1 year after, rural
interstates vs. other roads
Lave and
Elias
Fatality rates US states Before-after comparisons for states
raising limits vs. those not raising.
Regression analysis for individual
states.
Jernigan and Fatalities Virginia Before-after comparisons
Lynn
Pant et al. Accidents-total
and by type
Ohio Before-after comparisons.
Agent et al. Accident rate Kentucky Before-after comparisons
2.4.2 ARIMA Studies
Rock (1995) examined the safety impact of the 65 mph speed limit in Illinois using
ARIMA techniques to monthly time series of accidents, injuries and fatalities dating from
five years before the limit increase to four years after. The intervention term (impact of
higher speed limit) was modeled as a step function (0 before, 1 after). This is based on
the observation that speeds on designated highways rise immediately after the speed limit
is implemented. By and large, in many of the studies done by different authors, the
ARIMA results are similar to the before-after comparisons. Some of the policy impact
studies done by different authors using Box-Jenkins ARIMA method are are listed in
Table 2.2.
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Table 2.2 List of Policy impact Studies using the ARIMA Method
Authors	 Focus	 Location I	 Method
Chang et al.	 Fatalities
	
Alabama	 Intervention models on
monthly data, 1975-1989 on
states raising limit in 1987
Wagenaar et al.	 Injuries and	 Michigan	 Multivariate ARIMA on
fatalities	 monthly data 1978-1988
Chang et al.	 Fatalities	 Illinois and	 ARIMA intervention models
Florida
	
on monthly data.
Chang and	 Fatality	 US	 ARIMA intervention model
Paniati	 on monthly data for 32 states
Chan and	 Fatality and	 Iowa
	
Univariate and multivariate
Ledolter	 Injury	 ARIMA model for rural
interstates
In addition, Wagenaar et al. (1999) also studied the impact of New Zealand
graduated driver licensing system on motorcycle traffic crash hospitalization using
ARIMA intervention to look at crash and injury trends for different age groups. Rock
(1996) used ARIMA to study the impact of Illinois child passenger protection act.
Initially, application of ARIMA was expensive in terms of computing time and effort.
Thanks to advances in computer system, it has become a popular statistical tool among
researchers, since computing time is not a problem anymore.
2.4.3 Other Statistical Methods Studies
Besides simple before-after comparisons and ARIMA models, numerous authors use
regression models in different forms. Most of them use multiple regression techniques to
establish a relationship between safety variables and other causal factors that contribute
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to safety. Some of the studies performed by researchers using methods other than
ARIMA and Before-After for 65 mph speed limit are listed in Table 2.3.
Table 2.3 List of Policy Impact Studies using Multiple Regression Method 	
Authors	 Focus	 Location	 Methods
Garber and	 Fatalities	 40 US states	 Multiple regression, rural
Graham	 separately	 interstate vs. non-interstate
monthly data 1976-1988
McCarthy	 Accidents-total,	 Indiana	 Cross-section multiple
fatal and injury
	
regression with yearly time
trend for all counties and
counties with interstates.
NHTSA Fatalities US Multiple regression; states
raising limit vs. not raising
them.
Garber and	 Fatalities	 Illinois	 Regular and log multiple
Graham	 regression; monthly fatalities
2.5 SAS/ETS Package
SAS/ETS is one of the packages of the SAS software developed by SAS Corporation.
The common theme relating the many applications of SAS/ETS is time series analysis.
The package is useful whenever it is necessary to analyze or predict processes that take
place over time or to analyze models that involve simultaneous relationships. Although
SAS/ETS software is most closely associated with business and economics, time series
data also arise in many other fields. SAS/ETS software is useful whenever time
dependencies, simultaneous relationships, or dynamic processes complicate data analysis.
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Besides time series analysis, SAS/ETS has numerous procedures for simple and
complex statistical analysis. In this chapter, only the time series analysis tool included in
SAS/ETS is discussed. One of the many features of SAS/ETS package is the ARIMA
function, which is based on the theory developed by Box and Jenkins. The feature
includes intervention models in addition to ARIMA models. Other software packages like
SYSTAT, LIMDEP, SPSS do not have a intervention model feature, which makes
SAS/ETS, the only choice for this research.
The SAS/ETS's ARIMA procedure includes the complete ARIMA (Box-Jenkins)
modeling with no limits on the order of autoregressive or moving average processes. In
addition, it also features ARIMA model identification diagnostics, include the following:
• Autocorrelation function
• Intervention analysis
• Several parameter estimation methods including
• Conditional least squares
• Forecasts and confidence limits for all models
Besides, all of the features necessary for ARIMA model analysis, one of the
unique features of SAS/ETS, is the facility to declare -multiple" intervention points for
two or more overlapping regulations. Also, the package is easy to use and using today's
computer, computing time is of no problem. Details of the application of SAS/ETS for
this research are discussed in Chapter 6.
Chapter 3
POLICY IMPACT STUDIES
3.1 Truck Regulation
3.1.1 Introduction
The Federal Motor Carrier Safety Administration (FMCSA) has set as a goal to "50 by
2010", a 50 percent reduction in commercial truck-related fatalities by the year 2010. A
second goal is to reduce by 20 percent the number of persons killed and injured in crashes
involving large trucks by 2008. In 1999, 475,000 large trucks (gross vehicle weight rating
greater than 10,000 pounds) were involved in traffic crashes in the United States. Of
these crashes, 5,362, or thirteen percent of all fatal crashes, involved large trucks with an
additional 142,000 people injured in crashes involving large trucks. Achieving the safety
goals of the FMCSA will require approaching truck safety from a variety of technological
as well as policy initiatives.
Although about forty percent of large truck miles occurred on Interstates, only 24
percent of fatal crashes occurred on these roadways, which about fifty-nine percent of
large truck fatal crashes occurred on undivided highways. These statistics suggest that
truck safety research should not only be aimed at Interstate driving conditions, but should
also focus on improving truck safety on secondary roadways.
3.1.2 Truck Regulation and STAA
The Surface Transportation Assistance Act of 1982 (STAA) established minimum and
maximum standards for vehicle size and weight on the Interstate system and many
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Federal-aid highways. The Act prohibited states from limiting the overall length of semi
trailers in tractor-semi trailer combinations to less than 48 feet and from placing any
limits on the overall length of combinations. The STAA also required states to allow 102-
inch wide vehicles on Interstates and other Federal-aid highways with 12-foot lanes. New
Jersey regulations enforce the size and weight limitations of the STAA, but in addition,
prohibit the use of large interstate trucks from using local roadways.
3.1.3 Truck Regulation in New Jersey
New Jersey restricted large trucks (102-inch wide) to National Network to improve safety
on secondary and local roadways. The regulations prohibit the use of double-trailer truck
combinations and 102-inch wide standard trucks from using state highways and county
roads for through routes or short cuts between National Network highways when these
truck trips do not originate in New Jersey or have destinations within the State. The state
regulations instituting truck restrictions were signed by the Governor on July 1999 and
became effective immediately. The National Network in New Jersey includes 545 miles
of roadways 430 miles of which are Interstate and 115 miles other routes as detailed in
Table 3.1 and Figure 3.1. Almost all of the interstate roadways are included in the
National Network with only 21 miles of Interstate not included in the National Network.
The truck restrictions enacted in New Jersey is based on the accident experience
of tractor-trailers on roadways that are not part of the National Network. In 1998, there
were 43 accidents resulting in 48 fatalities involving tractor-trailers in New Jersey. Two-
thirds of these accidents occurred on roadways that were not part of the National
Total Interstate Miles = 431.05 Total Non-Interstate Miles = 114.69
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Network. The restriction is also based on a need to discourage practice of large trucks to
divert from Interstate roadways to secondary roadways to avoid tolls.
Table 3.1 New Jersey's National Network
Interstate Routes Non Interstate Routes
Route
Name
MP
Start
MP
End Miles 
Route
Name
MP
Start
MP
End Miles
176 0.00 3.08 3.08 NJ 42 6.32 14.13 7.81
178 0.00 67.30 67.30 NJ 81 0.00 1.16 1.16
180 0.00 68.54 68.54 US 130 12.17 14.06 1.89
195 0.00 77.96 77.96 US 130 23.53 23.89 0.36
195W 0.00 11.03 11.03 US 322 0.00 2.18 2.18
195 2 0.00 8.77 8.77 NJ 440 0.00 5.15 5.15
Atlantic
1195 0.00 34.17 34.17 City 0.00 44.19 44.19
Expy
1278 0.00 2.00 2.00 NJTurnpike 0.00 51.95 51.95
1280 0.00 17.85 17.85
1287 0.00 67.54 67.54
1295 0.00 68.06 68.06
1676 0.00 4.75 4.75
Figure 3.1 Map of New Jersey's National Network.
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3.2 65 mph Speed Limit
3.2.1 Introduction
In 1974, in response to the Arab Oil embargo, the United States Congress adopted a
national maximum speed limit of 55 mph. This national maximum speed limit remained
in effect for 13 years until April 1987 when the Surface Transportation and Uniform
Relocation Assistance (STURA) Act was passed. The STURA Act permitted the States to
increase the speed limit up to 65 mph on rural interstate highways (interstate highways
passing through areas with population less than 50,000). While the basis for enactment of
the original national maximum speed limit was fuel conservation, the policy also
produced substantial safety benefits. These safety benefits prompted Congress to retain
the national maximum speed limit for a number of years even after concerns about
vehicle fuel supplies had subsided. By the end of 1987, about 38 states had raised speed
limits on most sections of their rural interstate highways; two more states did so in 1988.
While Congress allowed states to increase speed limits on rural interstates to 65 mph in
1987, New Jersey did not change the 55 mph speed limit, as very little mileage qualified
as rural interstate until 1998.
3.2.2 65 mph Speed Limit in New Jersey
In late 1997, the New Jersey Legislature acted to raise the 55 mph speed limit to 65 mph
on portions of the state highway system, including but not limited to, interstate highways
and highways of similar design and access control. The legislation also established the 65
mph speed limit as prima facie on the New Jersey Turnpike, the Garden State Parkway
and the Atlantic City Expressway. Through negotiations, the Legislature and the
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Administration agreed to an 18-month study test period on "approximately 400 miles" of
highway statewide. The new law, approved January 19, 1998 gave the New Jersey
Department of Transportation (NJDOT), in consultation with the Attorney General and
the toll authorities, four months to establish the designated network, with NJDOT
appointed lead agency in implementing the 65 mph speed limit for the 18-month study
period.
An integral enforcement aspect of the new law was inclusion of safety-related
traffic offenses, such as reckless driving, changing lanes without signaling and speeding
at 10 mph or more over the 65 mph limit for which the fines were doubled if committed
in the 65 mph zone. The list included what are often characterized as aggressive driving
offenses. Fines were also double for offenses committed while speeding at 20 mph or
more in the non-65 mph zones. While the maximum speed limit was increased, a more
stringent enforcement regimen was established to deter excessive speed and other unsafe
driving practices.
On May 19, 1998, the Commissioner of Transportation designated 475.49 miles
of roadway for a 65 mph speed limit in New Jersey, pursuant to Public Law 1997,
Chapter 415, for a study period of 18 months. The list of these roadway segments is
presented in detail in Table 3.2. During the 18-month study period following
implementations of the 65 mph, the statewide task force looked at overall impacts on
factors such as public safety, environmental and cost issues, speed, accident rates,
fatalities, enforcement and air quality.
Section
Length
(Miles)
15.09
30.08
23.19
31.84
36.19
8.70
95.70
5.27
Table 3.2 List of 65mph Speed Limit Designated Roadway Segments
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Route
NJ RT 18 from approximately US
Route 9 to NJ Route 36.
NJ RT 55 from north of the southern
most NJ Route 47 intersections to
south of the northern most NJ Route 47
intersection.
1-78 (State Jurisdiction) from east of
the Delaware River to west of NJ
Route 24.
1-80 from east of NJ RT 94 to west of
1-287.
1-95 from west of RT 130 to west of NJ
RT 34.
1-287 from north of RT US 46 to the
vicinity of the New York State line.
1-295 from north of NJ RT 48 to south
of Little Mantua Creek.
1-295 from north of NJ RT 70 to south
of US RT 1. 
Atlantic City Expressway from the
vicinity of the Garden State Parkway to
the vicinity of NJ RT 42. 
Garden State Parkway from north of
the Great Egg Harbor Bridge to south
of the Rariton Toll.
Garden State Parkway from north of
NJ RT 17 to south of the New York
State line.
NJ Turnpike from north of Interchange
1 to south of Interchange 13.
NJ Turnpike (PA Tpk. Ext.) from east
of the Delaware River to the New
Jersey Turnpike mainline.
Begin/End
Municipality, County (MP)
Trinton Falls Borough, Monmouth Co.
(MP 14.79) to Marlboro Twp., Monmouth
Co., (MP 29.88)
Maurice Twp., Cumberland Co. (MP
21.49) to Deptford Twp., Gloucestor Co.,
(MP 55.98)
Pohateong Twp., Warren Co. (MP 0.45) to
Springfield Twp., Union Co., (MP 48.12)
Knowlton Twp., Warren Co. (MP 5.10) to
Parsippany-Troy Hills Twp., Morris Co.
(MP 41.87)
Hamilton Twp.,Mercer Co. (MP 3.73) to
Wall Twp., Monmouth Co., (MP 33.81) 
Parsippany-Troy Hills Twp., Morris Co.
(MP 43.11) to Mahwah Twp., Bergen Co.
(MP 66.30)
Carney's Point Twp., Salem Co. (MP 4.0)
to West Deptford Twp., Gloucestor Co.
(MP 20.0)
Cherry Hill Twp., Camden Co. (MP 35.26)
to Lawrence Twp., Mercer Co. (MP 67.10)
Egg Harbor Twp., Atlantic Co. (MP 8.0) to
Washington Twp., Gloucestor Co. (MP
44.19)	
Somers Point City, Atlantic Co. (MP 29.0)
to Sayreville Boro., Middlesex Co. (MP
123.5)
Paramus Boro., Bergen Co. (MP 163.3) to
Montvale Boro., Bergen Co. (MP 172.0)
Camey's Point Twp., Salem Co. (MP
1.5) to Linden City, Union Co. (MP
97.2)
Florence Twp., Burlington Co. (MP 1.3) to
Mansfield Twp., Burlington Co. (MP 6.75)
Total Miles
34.49
47.67
36.77
16.00
94.50
475.49
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3.2.3 Selection of Roadways for 65 mph Speed Limit
The roadway segments selected for a 65 mph speed limit were based on several criteria as
described below:
• Segments must be at least 10 miles in length. This is an informal national standard
intended to prevent driver confusion from seeing too much variance in posted speed
limits on the same roadway. This eliminates the short freeway segments on State
routes including: Routes 1,3,4,15,21,24,29,33,42,440,495. Spacing of access ramps
must not be too short. When there are closely spaced ramps, it leads to significant
roadside friction, with all the weaving and merging movements occurring, making
travel at higher speeds less safe. Roadway Segment must be designed for 65 mph.
This is a problem in the inner urban areas with significant developments and high
population densities. In order to accommodate the heavier traffic volumes, design
characteristics of the roadway may not be favorable to higher speeds. These design
characteristics include acceleration and deceleration lanes to and from low speed
ramps, vertical curves crossing over surface streets, narrow shoulder widths etc.
• The roadway segment must not experience significant recurring congestion — Roads
that experience significant congestion over several hours of the day, create and
environment that can be unsafe for higher speeds. Although these roads may
experience light traffic during late night and early morning hours, the periods of
congestion experience significant weaving and higher numbers of accidents. In
summary, the roadway segments selected for the 65 mph speed limit tended to be in
rural and suburban settings, while the 55 mph speed limit remained in the more
urban settings (NJDOT, 2000).
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3.2.4 Safety Impact of 65 mph Speed Limit
3.2.4.1 NHTSA Study.
	 As part of the STURA Act, the Congressional
Appropriations Committee directed the National Highway and Transportation Safety
Administration (NHTSA) to assess the impact of the increased speed limit on highway
safety. In their first full report on the subject, NHTSA compared fatalities in 1986 with
those in 1987 (after the speed limit increase), and found that rural interstate fatalities
increased by 19% in the 38 states that raised their speed limit, while they increased by
only 7% in the 10 states where the speed limit remained at 55 mph. From the yearly
fatality data, NHTSA also concluded that the increase in rural interstate fatalities was
16% higher in 1987 than would have been expected had the speed limit not been
increased.
3.2.4.2 Safety impact in various States. Since the enactment of the 65 mph speed
limit, numerous studies have been performed based on statewide accident data.
Ohio
Pant et al. (1992) studied the effects of the 65 mph speed limit on traffic accidents on
rural interstate highways posted at 65 or 55 mph and rural non interstate highways posted
at 55 mph in Ohio by analyzing the accident data for 36 months before the
implementation of the speed change law and an equal number of months after the
implementation. The changes in accident rates, that is, the average number of accidents
per month, were examined relative to weather conditions and season. It was found that
fatal accident rates on rural interstate highways posted at 65 mph or rural non-interstate
highways posted at 55 mph had not significantly changed after the implementation of the
65 mph speed limit. Fatal accident rates on rural interstate highways posted at 55 mph
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showed an increase in the "after" period. However, when the data were categorized
according to weather conditions, no significant change in fatal accident rates was found.
There was some increase in injury and property damage only on rural interstate highways
posted at 65 mph. The statistical analysis procedure calculated the mean rates of
accidents, the number of accidents per month, and tested the hypothesis that the rates
during the "before" and "after" periods are the same.
Kentucky
Agent et al. (1998) compared accident rates at adjacent sections of Interstates where the
speed limit was 55 mph and 65 mph, but did not find a substantial difference in the total,
injury and fatal accident rates. There were locations in Kentucky where the speed limit
changed from 65 to 55 mph. The location of the change is based on the estimated urban
limits, and, in some instances, a driver would not distinguish any difference in the
character of the roadway when the speed limit changed. The average number of accidents
increased slightly at locations where the speed limit was decreased 10 mph as well as
locations where it was increased 10 mph. However, none of the changes were statistically
significant.
Illinois
Pfefer et al. (1992) performed Autoregressive Integrated Moving Average (ARIMA) time
series intervention analysis to examine the changes in accident frequency, accident rates
and proportion of car-truck accidents to all accidents due to speed limit changes in rural
interstates in Illinois. Using May 1987 as the point of intervention, the ARIMA method
was used to analyze the time series consisting of 52 pre-intervention and 15 post-
intervention months. Although the frequency of all accidents increased by 14% following
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the speed limit change, no change was detected in the rate of all accidents, but an increase
of 18.5% was detected in the rate for fatal and injury accidents only. In general, the safety
impact associated with the speed increase was not clear. Furthermore, when traffic
volume variations were taken into account, there is no strong evidence that there was an
effect on accidents associated with the law change.
However, Rock (1995) also analyzed the impact of 65 mph speed limit in Illinois
using the ARIMA intervention technique on monthly accident, fatality and injury data.
Similar to the Pfefer et al. (1992) study there was a statistically significant increase
(+33%) in accidents. However, unlike the Pfefer et al. (1992) study, there was also a
statistical significant increase in fatality and injuries. Rock (1995) also calculated rates of
monthly fatalities and injuries per 1000 accidents and found that the rate decreased, but
was not statistically significant.
Virginia
In a study done by Jernigan et al. (1992), fatal crashes and fatalities increased on average
more in Virginia than in other states that raised their maximum speed limit. The results
showed that in rural interstates, fatal crashes increased 47.5 percent and fatalities
increased 43.2 percent. However, in urban interstates, fatal crashes increased by 4.9%
and fatalities increased by 4.3%. Another aspect of this particular study is that the authors
also looked into configurations of fatal crashes and crashes on individual routes where
the speed limit was 65 mph. The study looked at yearly fatalities from 1985 to 1989 in
individual routes, where the speed limit was raised in 1988. However, the average
increase in fatal crashes among these individual routes was very small, also the authors
did not check for statistical significance.
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Iowa
Ledolter et al. (1994) studied the fatality and injury accidents as safety indicators for the
65 mph speed limit in Iowa. The study examined whether a significant change in fatal
and major-injury accident rates could be detected following the implementation of the
higher speed limit. The analysis attributed a 20% increase in the number of state-wide
fatal accidents to the speed limit change. The impact was the largest on rural interstates
where the number of fatal accidents increased by 57%, implying two additional fatal
accidents each quarter. However, the analysis failed to find an impact on the number of
major-injury accidents.
All States
Houston (1999) studied the impact of the 65mph speed limit on traffic safety using data
for the years 1981 to 1995 for all 50 states using a pooled time series analysis. Separate
models were estimated for state fatality rates on four categories of roads: rural interstate
highways, rural noninterstate roads, all roads except for rural interstate highways, and all
roads. It was reported that the 65mph speed limit increased fatality rates on rural
interstate highways but was correlated with a reduction in fatality rates on the three other
categories of roads.
3.2.4.3 Safety Impact of 65 mph Speed Limit in New Jersey. An 18-month study
plan was developed to assess impacts to travel speeds, safety records, enforcement and
the environment in New Jersey (NJDOT, 2000). However, bypassing other effects, only
the safety impact recognized during the 18-month study is discussed. In the 18-month
study report, fatal accidents in 65 mph speed limit zones have decreased since the
implementation of the 65 mph speed limit. There was about 10% decrease in fatalities on
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the sections of the highway that now have 65 mph speed limit than those sections of
highway. However, it should be noted that fatal accidents comprise less than one percent
of all reported accidents and may not be a statistically relevant indicator. Accidents on
sections of highways with 65 mph speed limits increased 18.3%. Accidents with injuries
increase by 9.4% percent and the total number of people injured increase by 6% from a
comparable period of time. An analysis of some 65 mph speed limit zones for a 12-month
period after the speed limit change and the adjacent 55 mph zones were made for
comparison basis with the accidents from the 12-month period before 65 mph was
implemented. The highways analyzed were 178, 180 and 1287. The findings showed that
accidents increased in the 65 mph speed limit zones by 12% and increased in the adjacent
55 mph zones by 13%. It was not possible to determine whether the increase in accidents
in 65 mph zones represent a normal fluctuation in accident rates or suggests that
increased speed contributes to increased accidents.
The above study does not include exclusive results for truck crashes, but covers
all kinds of vehicles. The recommendation after the initial 18-month study was that
results were largely inconclusive and recommended another 18-month study extending to
a 3-year period after the application of 65 mph speed limit.
3.2.4.4 Comparative Result of the 18-month 65 mph Speed Limit Study. The
report prepared by NJDOT (2000) for 65mph speed limit zones during the first 18-month
study period produced the results as shown in Figure 3.2 and Table 3.3.
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Figure 3.2 65mph speed limit zone-total accident/injury comparative chart.
The initial 18-month study concluded that an additional 18 month study period was
required to collect data and better evaluate the impact of the speed limit and hence, the
study was extended to a 36-month study program. The 36-month study period showed
that accidents increased 27% on sections of highways with a 65 mph speed limit.
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Table 3.3 Total Accident/Injury Comparative Data for Routes 1295, 178,180,1287,1195
(NJDOT, 2000)
Description
Period Percentage
ChangeJune,96-Nov, 87	 June 98 - Nov 89
Route Name: 1295 (MP 4.0 - 20.0)
Total Accidents 182 185 1.6
Injury Accidents 45 52 15.6
Total Injured 57 67 17.5
Fatalities 2 1 -50.0
Route Name: 1295 (MP 35.26 - 67.10)
Total Accidents 479 590 23.2
Injury Accidents 128 150 17.2
Total Injured 159 183 15.1
Fatalities 2 4 100.0
Route Name: 178 (MP 0.45 - 48.12)
Total Accidents 839 1106 31.8
Injury Accidents 260 289 11.2
Total Injured 417 395 -5.3
Fatalities 11 13 18.2
Route Name: 180 (MP 5.1 - 41.87)
Total Accidents 1275 1462 14.7
Injury Accidents 351 351 0.0
Total Injured 483 488 1.0
Fatalities 9 4 -55.6
Route Name: 1287 (MP 43.11 - 66.30)
Total Accidents 176 209 18.8
Injury Accidents 50 41 -18.0
Total Injured 71 56 -21.0
Fatalities 1 2 100.0
Route Name: 1195	 MP 3.73 - 33.81)
Total Accidents 307 317 3.3
Injury Accidents 57 53 -7.0
Total Injured 84 75 -10.7
Fatalities 2 1 -50.0
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The 36-month report (NJDOT, 2001) contains an analysis of the 65 mph zones
and several adjacent 55 mph zones. The study results are based on changes in safety
indicators (accidents, fatalities, injuries etc) before and after the regulation. The study
used monthly total accident, fatalities and injury accidents for periods before and after the
regulation became effective. The percentage change was calculated for the same month
before and after the regulation. However, the statistical significance of the percent change
was not computed. The frequency of the monthly fatalities is very small, mostly single
digit figures. Hence, using fatality as a safety indicator may be statistically insignificant
in this case. Similar calculations were done for the 55 mph zone. The total percentage
change for 65 mph zones and 55 mph zone were computed for total accidents, fatalities
and injury accidents. The 36-month study also used the similar approach. The findings
showed that while reported accidents increased in the 65 mph zones by 27%, they
increased in the 55 mph zones by 30%. However, the rate of fatal accidents and fatalities
in 65 mph zones remained about the same since the implementation of the65 mph speed
limit and are comparable to the findings in the 55 mph zones..
3.2.5 Impact of Speed Limit on Accidents
Authors of numerous studies on impacts of a 65 mph speed limit tested the three
hypotheses— speed kills, speed spillover and traffic diversion. Higher speeds reduce the
amount of time a driver has to correct for an error or lesser reaction time, which might
increase the severity of a crash. This hypothesis has been like a conventional wisdom
suggesting that higher speeds would lead to more accidents and more severe outcomes.
The second hypothesis is that higher speed limits on rural interstates pose additional
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hazards for other roadway types (Garber et al., 1990). Motorists traveling at higher speed
limits on rural interstate highways will get in the habit of driving at these higher speeds
and carry this behavior over to other roads. In contrast, the "traffic diversion" hypothesis
suggests that higher rural interstate speed limits have beneficial effects on traffic safety.
Faster traffic is diverted away from rural non-interstate roads to the rural interstate
highways that are better designed to accommodate faster traffic. Also, the increased limit
could divert traffic from rural 55 mph roads to 65 mph interstates (Garber et al., 1990).
Since interstates have generally lower fatalities per vehicle miles of travel, total rural
fatalities could decrease. But almost all the authors found an increase in fatalities in rural
interstates after the speed limit increase. Another possibility is that given the value of a
faster trip, the higher speed limit may generate more VMT, both on interstates and non-
interstates. This would suggest more accidents and fatalities overall. Brown et al. (1990)
found possible spillover effects to 55 mph interstates, but not to non-interstates.
Lave et al. (1994) found that the statewide set of safety impacts fell and was
different from those on the 65 mph roads alone. A higher speed limit on rural interstates
allows state highway patrols to shift resources from speed enforcement on these roads to
other highways. The stepped up enforcement on 55 mph highways, if coupled with traffic
diversion could result in lower fatalities and injuries statewide. Jernigan et al. (1992) used
multiple regression analysis using yearly data and found a negative correlation between
VMT and fatalities, but found positive correlation between average speed and fatalities.
The negative correlation showed that effects of annual improvements in highways and
vehicle safety might have offset the speed impact on fatalities.
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3.2.6 Impact of Speed Limit on Truck Accidents
It is suggested that the increase in speed limit would increase speed variance on rural
interstates, thereby increasing collisions between smaller vehicles and trucks. A study in
Virginia indicated that there was no substantial increase in fatalities involving trucks after
the 65 mph speed limit was imposed (Agent et al., 1998). No major differences have been
found in the overall number of accidents or accident severity between states that had or
did not have different speed limits for cars and trucks. But there have been suggestions of
differences in types of accidents. Pfefer et al. (1992) found no change in the 85 th -
percentile speed for trucks or in the speed variance for either cars or trucks. Significant
reductions were also found for both the rate of car-truck fatal and injury accidents and the
proportion of car-truck fatal and injury accidents to all fatal and injury accidents.
Chapter 4
INDICATORS AND VARIABLES
4.1 Introduction
Hauer (1997) states that "While safety and count of accidents are related, they are not
synonymous; and the principal manifestations of road safety are accidents" and goes on
to explain safety as follows:
Safety is defined as the number of accidents (crashes) by kind and
severity, expected to occur on the entity during a specified period. The
safety is a series of expected number of frequencies, one for each accident
type or crash severity. These expected numbers change in time. Safety is
not to be equated with the count of accidents. Counts are always non-
negative integers; expected numbers can be any non-negative numbers.
However, count of accidents is a reflection of the underlying expected
number. Current engineering practice is to measure safety not by expected
accident frequency, but by the expected accident rate. Accident rate is
defined as the ratio of accident frequency to exposure rate.
However, Hauer(1997) strongly advocates the use of accident frequency instead
of accident rate to measure safety to find the effect of regulation. However, changes in
traffic flow from "before" to "after" should be taken into account by adjusting the
frequency.
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4.2 Safety Indicators
Table 2.1-Table 2.3 in Chapter 2 lists the studies performed by different authors using
different safety indicators. Most of the authors use fatalities as a safety indicator. Using
fatality as a safety indicator is limited and cannot be used for cases, where the frequency
of fatality would be very small. Their statistical significance can be in question due to the
small frequency. Hence, in this research fatalities were not used as a safety indicator.
There are no rules for selection of safety indicators for analysis and authors usually do
not indicate the reasons for using a particular safety indicator. However, it can be said
that one of the main factors that should be used to select a safety indicator is the
availability of data for that indicator.
Many authors use a number of safety indicators (accident, fatality, injury,
property damage) together to investigate the impact on each one of them. In some studies,
it has been reported that some indicators increase and some decrease even for the same
regulation change at the same location. Pfefer et al. (1992) studied the impact of the 65
mph speed limit in Illinois and found that there was a 14% increase in the frequency of
all accidents, but found no statistically significant change in the frequency of fatal and
injury accidents. Also, no change was detected in the rate for all accidents, but an
increase of 18.5% was detected in the rate for fatal and injury accidents only. If all three
variables are indicators of safety, one may ask the question why did not all three variables
move in the same direction. This research focuses on the truck safety of and the impact of
two regulations. The literature review showed that none of the authors have done a study
on the impact of regulation on the truck safety exclusively.
43
4.3 Variable for Truck Regulation Study
The decision to choose a safety variable for this study was a difficult one. Though
numerous states (e.g. New York and California) have similar laws prohibiting large
interstate trucks on local routes, the literature search found that no study has been done to
understand the effect of such a policy and no study was performed for New Jersey.
Looking at fatalities and injuries was not sufficient, since their frequency was very small
and the results would not have been statistically insignificant. The only choice was to use
total accidents per month.
The out-of-box hypothesis was that there would be an increase in the number of
truck related accidents on the national network and a decrease in the non-national
network interstates, since interstate trucks were being taken out of the non-national
network. The analysis would look at the monthly truck accidents on individual routes of
national network and some of the selected routes on the non-national network. The routes
from the non-national network that were included in the study had higher truck traffic.
4.4 Variable for 65 mph Speed Limit Study
As in the previous study of the impact of regulation on safety, the monthly truck accident
data were used for the routes where 65 mph speed limit was imposed (Table 3.2). The
monthly truck accidents were tabulated for individual routes based on following factors:
• truck — passenger car collision; and
• total truck crashes
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The apparent contributing factor of a truck accident might provide some insights towards
the cause of accidents due to speed, which in turn might reflect accidents due to speed
differentials between two trends and a truck and passenger car. Some authors have
pointed to the effect of speed variance as a contributing factor of accidents where a 65
mph speed limit was imposed. Research showed that the average speed of trucks do not
increase as much as the average speed of cars in most cases. However, this might
increase the speed differential between truck and cars.
Chapter 5
DATABASE
5.1 Data Source
This research uses an accident database obtained from the NJDOT website. The website
is a depository of accident data from 1995 to 2000. Therefore this study used accident
data from 1996 to 2000. The data are in a dBase format and were converted to Excel
format for further analysis. The 1995 data could not be used, which is also available from
the NJDOT website, because there were not enough fields in the database to separate the
records to truck accidents.
5.2 Classification of Trucks
The types of trucks included in the database are vehicles whose classification on the
accident record is one of the following: single unit truck (2 axle), single unit truck
(3+axle), truck/trailer, truck/tractor (bobtail), tractor/semi-trailer, tractor/doubles,
tractor/triples and heavy truck other. The classification of trucks used in the accident
database does not specifically identify trucks that are now restricted to the National
Network.
5.3 Data Extraction
The database is in the form of yearly accident data. Annual data are in the form of tables
with rows as each accident record and columns as field headings. The column headings
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follow the format of a standard NJ police accident report. Some of the column headings
of interest are as follows:
Accident Date
Route Number and Milepost
Road System (Interstate, State highway, county etc.)
Vehicle Types involved in accident
The origin and destination of trucks is not available in the accident report, which would
have been very helpful in identifying interstate and non-interstate trucks. The truck crash
data were extracted from the database using vehicle type. Each accident record identifies
the vehicles types that were involved in the accident, for example passenger car, van,
single unit truck, tractor-trailer, heavy truck etc. Each record has Vehicle 1 and Vehicle 2
as vehicles involved in the accident and their corresponding vehicle type code. The truck
accident data were recognized as records having either Vehicle 1 or Vehicle 2 or both as
a truck. Data were extracted for all year. Each record in the truck data has date of
accident associated with it. The month part of the date value was separated from all the
truck accident records. Records for each individual route were extracted using the route
number value associated with the record. The milepost value was used to filter the record.
The national network data were extracted using the route number and milepost value
associated with each record. Once the national network value was extracted the
remaining records were considered as non-national network data. However, local routes
and county routes that are part of the non-national network were not.
Chapter 6
METHODOLOGY
6.1 Introduction
A brief explanation of the strategies to be used in this analysis has been presented in
Chapter 2. The subsequent sections explain in detail the two methods mentioned earlier.
These methods include Before-After and Time-Series Methods. The overall strategy of
the research is to compare the results given by the two methods and compare the results
with already established results indicated by other authors of similar studies. The Before-
After studies includes "Naïve" (Hauer, 1997) comparisons mostly using "before" and
"after" averages and percentage changes and linear fit models, while the Time Series
study includes Box-Jenkins ARIMA models to compare the impact of policy changes.
The objective of this research is not to forecast the accidents, but merely to study the
impact of the policy in terms of positive or negative impacts.
6.2 Before-After Studies
The prediction of future monthly accidents in the absence of an imposed regulation can
used using three methods:
1. Safety in the "after" period can be assumed to be the same, as it was before the
regulation was put in place;
2. Obtain the average of "before" accidents and consider it as the predicted "after"
number of accident; and
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3.	 Obtain the linear least-square fit for yearly or monthly accidents and use the to
extrapolate future data.
The predicted values can be compared with estimated values using average, percentage
and number of accidents.
6.2.1 Truck Regulation Analysis
To assess the safety impact of truck regulations, comparison of truck accidents was made
among following routes or groups of routes.
National Network
Non-National Network
Individual routes constituting national network where truck regulation is in effect
(178, 180, 195, 1287, 1295.)
Individual routes where there is considerable volume of everyday truck traffic that
are not part of the national network. (NJ 1, NJ22 etc)
6.2.2 65 mph Speed Limit Analysis
To assess the safety impact of the 65mph speed limit comparisons of truck accidents was
made between the following routes or groups of routes.
Individual routes and sections where the 65 mph speed limit is in effect.
Sections of the above routes adjoining the 65 mph speed limit sections.
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6.3 Box-Jenkins Models
6.3.1 Introduction
All regression models assume that the random error components in the model are
statistically independent of each other (Bowerman and O'Connell, 1987). In such a
model, if the successive error terms are statistically independent, so are the successive
observations of the time series. However, if the successive error terms are statistically
dependent upon each other, then so are the successive observations, and the observations
are said to be autocorrelated. An appropriate model would then be used in expressing the
dependent variable as a function of present and prior random error components. Box and
Jenkins (1970) developed a systematic procedure for analyzing and forecasting time
series using this model. Hence, this procedure is often called the Box-Jenkins
methodology. There is no single Box-Jenkins model but rather a family of. The general
models are described in subsequent sections.
The iterative process of model building consists of four basic steps:
1. Identification — On the basis of theoretical considerations and experience,
tentative model is identified by analyzing historical data.
2. Estimation — The tentative model is fitted to the data and its parameters estimated.
The rough estimates obtained during the identification stage can now be used as
starting values in more refined iterative methods for estimating the parameters.
3.
	
	 Diagnostics - Tests are performed to find the adequacy of the model and if needed
potential improvements are suggested. If the model is considered adequate, the
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model is ready to use. If not, then the iterative cycle of identification, estimation
and diagnostic checking is repeated until an adequate model is found.
Forecast — If the model is considered adequate, it is further used for forecasting
future data. Since forecasting is not an objective of this research, this step is
replaced by a step called "Evaluation of Parameters" to find the impact of
intervention or regulation in the time series. The above iterative procedure is
shown in Figure 6.1.
Figure 6.1 Iterative process of ARIMA model building.
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6.3.2 Stationary and Nonstationary Processes
The central feature in the development of time series models is an assumption of some
form of statistical equilibrium, on stationary process (Box and Jenkins, 1970). A
stochastic process is defined as stationary if its properties are unaffected by the change of
time origin; that is if the joint probability distribution associated with m observations
made at times t,	 t„„ is the same as that associated with m observations
made at times t i + k,t 2 + k,...,tm+k . Thus, for a discrete process to
be strictly stationary, the joint distribution of any set of observations must be unaffected
by shifting all the observation times forward or backward by any integer amount k.
6.3.3 AR, MA, ARMA and ARIMA Processes
6.3.3.1 Autoregressive Models (AR).
	 An autoregressive model can be extremely
useful in the representation of certain practically occurring series (Box and Jenkins,
1970). In this model, the current value of the process is expressed as a finite, linear
aggregate of previous values of the process.
The autoregressive (AR) process of order p is given by the following relation:
In particular, the autoregressive processes of first order (p=1) and of second order (p=2)
is stated as,
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The reason for this name is that a linear model,
relating a "dependent" variable z to a set of "independent" variables x 1 , x2,...,xp, plus an
error term a, is often referred to as a regression model, and z is said to be "regressed" on
x 1 , x2,...,x p . However, in equation (6.1) the variable z is regressed on previous values of
itself; hence the model is called autoregressive. If we define an autoregressive operator
of order p by
The backward shift operator B is defined by Bz, = z 1 _ 1 ; hence, B"' z, = z,, . Another
operator is the backward difference operator V , which can be written in terms of B, since
6.3.3.2 Moving Average Models (MA).
	 The autoregressive model (6.1) expresses
the deviation	 of the process as a finite weighted sum of p previous deviations
of the process, plus a random shock a, . Also, it expresses as an a infinite
weighted sum of a's. Another kind of model is the so-called finite moving average
process. In this model is linearly dependent on finite number of "q" of previous a's.
Hence, the moving average (MA) model of order q is given by the following equation,
53
The name "moving average" is misleading because the weights
which multiply the a's, need not be total unity nor need they be positive. However, this
nomenclature is common by and is so used.
If we define moving average operator of order q by
Then, the moving average model may be written as, 	 = 0 (B)a,	 (6.8)
In particular, the moving average processes of first order (q=1) and of second order (q=2)
is state as,
6.3.3.3 Mixed autoregressive-moving average models (ARMA). To achieve
greater flexibility in fitting actual time series, it is sometimes advantageous to include
both autoregressive and moving average terms in the model. This leads to a mixed
autoregressive-moving average model:
In practice, it is frequently seen that adequate representation of stationary time series data
is obtained in which p and q are not greater than 2 and often less than 2.
6.3.3.4 Autoregressive Integrated Moving Average models (ARIMA).
	
A time
series is said to be stationary if the data fluctuate around a constant mean. If the time
series data does not fluctuate around a constant mean then it is called nonstationary.
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Many time series data encountered in practice exhibit non-stationary behavior. Models,
which describe such nonstationary behavior, can be obtained by taking some suitable
difference of the data. The model's behavior can be represented by a model, which calls
for the d'th difference of the process to be stationary. In practice d is usually 0,1, or at
most 2. Hence, the general model, which can represent homogenous nonstationary
behavior, can be written as
The transformed ARMA model given by 6.12 describes the stationary and
nonstationary time series and is called an autoregressive integrated moving average
(ARIMA) process of order (p,d,q). The autoregressive operator (B) is of order p, the
d'th difference is taken and the moving average operator 0(B) is of order q. Model
(6.10) can also be described by the following equation:
It should be noted that if w, is replaced by z, — ,u , when d=0 model (6.13) includes the
stationary mixed model as a special case as well as a pure autoregressive model and the
pure moving average model.
It is sometimes useful to consider a slight extension of the ARIMA model (6.12)
by adding a constant term 0. Without using the 00 , the model is capable of representing
time series, which have stochastic trends. However, it is also possible to include a
deterministic function of time in the model.
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6.3.3.5 Intervention Models.
	 The intervention model is a special kind of Box-
Jenkins model and was proposed by Box and Tiao (1976). In an intervention model, the
input series is an indicator variable containing discrete values that flag the occurrence of
an event affecting the response series. This event is an intervention in or an interruption
of the normal evolution of the response time series, which in the absence of the
intervention, is usually assumed to be a pure ARIMA process. Intervention models can be
used both to model and forecast the response series and to analyze the impact of the
intervention. When the focus is on estimating the effect of the intervention, the process is
often called intervention analysis or interrupted time series analysis. There are two kinds
of interventions-Impulse and Continuing or Step. In Impulse intervention, the input
variable is 1 during the time of intervention and 0 all other time. However, in Continuing
or Step intervention, the input variable is 1 after the intervention and 0 before the
intervention. The focus of the results of the analysis will be estimates of intervention
variables obtained for different time series models. The statistical significance of the
intervention coefficient is given by the associated p-value. In SAS the p-value is assessed
No Evidence of significance
Not much Significance
Weak Significance
Appreciable Significance
Strong Significance
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6.3.4 Identification
The objective of the identification process is to come up with the values of p,d and q of
the ARIMA model. The tentative model so obtained will form a base as an initial guess
for the subsequent models as per adequacy of the model through diagnostics. Box and
Jenkins (1970) explained that the identification may be inexact. Hence, judgment must be
exercised based on experience. The task is to identify an appropriate subclass of the
general model (6.14). The objective is to find the orders p, q and the required differencing
d if the time series is nonstationary.
At this stage, the task can be divided in two steps, which are as follows:
1. Difference the z„ as many times as necessary to transform the time series to a
stationary from a nonstationary form, which is finding the value of d in equation
(6.14); and
2. Guess the order of p and q using graphical methods derived from the
autocorrelation function and the partial autocorrelation function.
6.3.4.1 Identification of Degree of Differencing.
	
In the case of a stationary
model, the autocorrelation function will -die out" quickly for moderate and large lag.
However, for nonstationary models, the autocorrelation function will not die out quickly
and will fall off slowly. Therefore a tendency for the autocorrelation function to die out
slowly is an indication that the underlying stochastic process is nonstationary, but may
become stationary after differencing or transforming z, into Vz, or V 2 z, and so on. It is
assumed that the degree of differencing d, necessary to achieve stationarity has been
reached when the autocorrelation function of w, = Vdz , dies out fairly quickly. In
practice, the value of d hardly goes beyond 2.
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6.3.4.2 Identification of Order of ARMA Process.
	
After finding the appropriate
differencing (d) required to make the time series stationary, the order of the
autoregressive (p) and moving average (q) process is determined using the
autocorrelation and partial autocorrelation coefficient function. The autocorrelation
function of an autoregressive process of order p tails off and its partial autocorrelation
function has a cutoff after lag p. Conversely, the autocorrelation function of a moving
average process of order q has a cutoff after lag q, while its partial autocorrelation tails
off. If both the autocorrelations and partial autocorrelations tail off, a mixed process is
suggested. In general, autoregressive (moving average) behavior, as measured by the
autocorrelation function, tends to mimic moving average (autoregressive) behavior as
measured by the partial autocorrelation function. For example, the autocorrelation
function of first-order autoregressive process decays exponentially, while the partial
autocorrelation function cuts off after the first lag.
6.3.5 Estimation
After the Box-Jenkins model has been identified using autocorrelation and partial
autocorrelation functions, the parameters of the model are estimated. Box and Jenkins
(1970) suggested using the maximum likelihood approach to calculate point estimates.
The least square approach can also be used to calculate point estimates of the parameters.
(Bowerman and O'Connell, 1987). The parameter estimates are associated with their
standard error and t-value. If 0 is any parameter in a Box-Jenkins model and 0 the point
estimate and s o , the standard error, then the t-value is given by the following equation:
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The t-value is used to determine the statistical significance of the parameter estimate.
6.3.6 Diagnostic Checking
The adequacy of the model is determined by examining the residuals obtained form the
model itself. One way to do this is to examine the autocorrelation and partial
autocorrelation function of the residual itself. The modeling process is supposed to
account for the relationship between the time series observations. If it does account for
these relationships, the residuals should be unrelated and the autocorrelations of the
residuals should be small. One of the statistics is the Ljung-Box statistic and the other is
the Box-Pierce statistic (Bowermann and O'Connell, 1987). Usually, the Box-Ljung
statistic is used more and the larger its value, the more the residuals are correlated. If the
Ljung-Box statistic value is greater than Xa (K — n p ) on the scale of the chi-square
distribution having K — n degrees of freedom, it is reasonable to think that the model is
inadequate. Here 17 1, is the number of parameters and K is the number of lags.
6.3.7 Evaluation of Results
The objective of the Box-Jenkins methodology in this research is not forecasting results,
but merely to find the intervention quantity. This intervention quantity can be used to find
the percent change before and after the regulation. All the parameter estimates of the
model are associated with t-values and p-values to test the significance of the parameter
estimates.
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6.3.8 Truck Regulation and 65 mph Speed Limit Analysis
Box Jenkins models are developed for National and Non-National Network truck crashes
and within these routes. Because the Non-National Network category is vast, only few
routes with high truck volumes were used to develop the model. Box Jenkins models are
developed to implement the intervention technique and find the impact of the 65 mph
speed limit regulation. Models are developed for individual routes and for sections where
the speed limit was increased to 65mph. The focus is to study the impact of the
intervention on individual routes. Most of the individual routes where the speed limit was
raised are interstate routes, which also fall under the National Network category. For
these routes Box-Jenkins models are used with dual double intervention variables to find
the combined impact of truck regulation and speed limit on truck crashes.
6.4 SAS/ETS Methods
SAS/ETS uses the same strategy as the Box-Jenkins models to analyze time series data.
Hence, the procedural steps of identification, estimation and diagnostics are the same as
in the Box-Jenkins methodology. For identification of models, SAS provides the
graphical images of autocorrelation and partial autocorrelation function for different
differentials or transformations. SAS is a Windows based software with very easy to use
user interface, where the number of differencing or types of transformations and number
of parameters for the model can be declared. SAS can also add a number of interventions
in the model easily. Most of the time all three steps may overlap, since the computation
time is very small and the user might want to play with different models and compare
them based on selection criteria.
Chapter 7
ANALYSIS AND RESULTS
7.1 Introduction
The analysis of monthly truck crashes is presented in subsequent sections using the
techniques mentioned in Chapter 6. The analysis is followed by the evaluation of the
results. The analysis was done separately for Truck Regulation and 65-mph Speed Limit
followed by the effect on monthly truck crashes by the combination of these two
regulations. The analysis consists of three procedures (1) a simple comparison of monthly
means, (2) regression analysis; and (3) time series analysis of monthly truck crashes.
7.2 Truck Regulation Analysis
7.2.1 Monthly Truck Crashes Observation
Monthly truck crashes were extracted from the accident database provided by the
NJ DOT. The database had "Date of Accident" as one of the fields. The "Date" field was
separated into Day, Month and Year for each record. Hence, Month associated with each
record was obtained. The database also had Route Number as one of its fields, which was
used to find if the accident happened on routes of the National Network or Non-National
Network. Monthly Non-National Network truck crashes however, were derived by
subtracting the monthly National Network truck crashes from the Total truck crashes. In
addition, monthly truck crashes were obtained for the following individual routes:
National Network Routes including 178, 180, 195, 1287, 1295; and Non National Network
Routes including NJ1 and N122. The National Network mainly consists Interstate routes
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and carry considerable truck volumes. Since the Non National Network consists of all the
routes except the National Network routes, it is not simple to include all Non-National
Network routes. NJ1 and NJ22 are heavily used routes by trucks. Hence, these two routes
were selected to evaluate the effect of truck regulation on non-national network. Figure
7.1 shows the monthly truck crashes on National Network and Non-National Network.
Figure 7.2a through 7.2d show the monthly truck crashes on individual routes.
Figure 7.1 Monthly truck crashes in National and Non-National Network.
The time series for both the National Network and Non-National Network appear
quite different for the first 12 periods (Year 1997). However, after period 12 (after Year
1997), both the National and Non-National Network monthly truck crashes show quite a
similar trend. A database analysis showed that total truck crashes for 1997 were higher
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than for 1998 and 1999. The time of regulation or point of intervention is marked by a
vertical line in period 32 of Figure 7.1.
Figure 7.2a Time series of monthly truck crashes for NJ1 and NJ22.
Figure 7.2b Time series of monthly truck crashes for 178 and 195.
Figure 7.2c Time series of monthly truck crashes for 180 and 1295.
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Figure 7.2d Time series of monthly truck crashes for 1287.
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The monthly truck crashes for each individual route show a slightly different
trend. Except for NJ22 and 1295, all the other routes show higher increasing. Both NJ22
and I 295 have the least monthly accident frequency among the routes of their category.
However, the time series for all the routes do not show a sharp drop or fall in the monthly
truck crash as after August 1999, which might indicate that the monthly truck crashes
may not have been sensitive to the impact of regulation on the non-national network. The
time series for 1287 and 1295 also suggests there is only a slight variance in monthly
accidents which appears stationary.
7.2.2 Before-After Analysis
7.2.2.1 Analysis of Yearly and Monthly Average Truck Crashes.
	
Though	 the
comparison of yearly total truck crashes do not reflect the before-after change due to
regulation, but the comparison can help understand the overall truck crash scenario. The
-Total Truck Accidents" represents the total number of truck-involved crashes and is the
sum of truck crashes on the National and Non-National Network. However, for this
analysis Non-National Network crashes do not consists of truck crashes that occurred on
local routes and county routes. Table 7.1 shows that yearly total crashes decreased and
then increased for non-national network accidents. Table 7.1 shows that the accidents
have increased considerably higher from 1999 to 2000 than 1998-1999. For the National
Network, the truck crashes increased 4.2% from 1998 to 1999, but there is 36.6%
increase from 1999 to 2000. However, the total truck crashes in 2000 increased by 31.3%
from 1999 compared to 7.6% increase from 1998 to 1999. It shows that there is
2525
2789
3045	 5775
4273	 7776
6812
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substantial increase in accident since year 1999. The interstate regulation can be one of
the many factors contributing to this increase.
Table 7.1 Total Truck Crashes and Percent Change
Year
1997
1998
1999
2000
Total
9337
8465
8820
12049
Truck Accidents
NN	 Non-NN
% Change
in Total
-9.,34
4.19
36.61
Total Truck Accidents
Accident	 % Change 
24512	 -
20025	 -18.31
21561	 7.67
28328	 31.39
Table 7.2 Monthly Mean of Truck Crashes
Year Average Crashes
NN	 Non-NN
% Change in
Average
NN	 Non-NN
Average Before and'
After Aug 1999
NN	 Non-NN
% Change
NN	 Non-NN
1997
1998
1999
2000
210
232
254
356
568
473
1	 481
1	 648
-
10.46
9.18
40.33
-
.	 -16.68
1	 1.74
34.65
-
223.65
335.24
-
501.19
617.76
-
-
49.90
-
	 -
1	 -
1	 23.26
	 -
Table 7.2 shows considerable increases (49.9% for NN and 23.3% for Non-NN)
in average monthly truck crashes for National and Non-National Network after Aug
1999. However, this could be because of increase (40.3% for NN and 34.6% for Non-
NN) in yearly average for monthly truck crashes for both the National and Non-National
Networks.
Table 7.3a Total Truck Crashes and Percent Change in Individual Routes
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Total Number of Truck Accidents % Change in Accident Every Year
Year 178 180 195 1280 1295 178 180 195 1280 1295
1997 398 381 1227 480 223 -
1998 372 387 1248 356 220 -6.53 1.57 1.711 -25.83 -1.34
1999 518 490 1287 399 206 39.24 26.61 3.12 12.07 -6.36
2000  618 639 1780 536 275  19.30  30.40 38.30 34.33 33.49
As shown in Table 7.3a, 1-78 and 1-280 show a similar pattern of truck crashes in
consecutive years-decrease in 1998 followed by increase. The changes for 180 and 195 are
similar, but quite different from those of 178 and 1280. Truck crashes increased quite
considerably in all routes during 2000.
Table 7.3b Total Truck Crashes and Percent Change in Individual Routes
Year
Total Number of
Truck Accidents
% Change in Accident
Every Year
NJ] NJ22 NJ] NJ22
1997 1294 268 - -
1998 1116 179
-13.76 -33.21
1999 1198 214 7.35 19.55
2000 1643 308 37.15 43.93
Table 7.3b shows the yearly truck crashes for NJ1 and NJ22, which are quite
different in comparison to the routes in Table 7.3b. NJ1 and NJ22 are not interstates and
are not part of the National Network, but carry a large truck volume in addition to other
vehicle volume. The yearly truck crash pattern of NJ1 and NJ22 shows similarities with
178 and 1280.
Table 7.4a Average Truck Accidents Before and After August 1999
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Average Truck Accidents Percent Change in Accident
Period
Before
After
178
34.26
49.65
180
32.84
51.71
195
101.68
140.59
1280
33.97
42.24
1295
17.77
21.94
178
44.92
180
57.45
195
38.27
1280
24.34
1295
23.44
Table 7.4b Average Truck Accidents Before and After August 1999
Total Truck
Accidents
Percent Change in
Accident
Period NJ] NJ22 NJ] NJ22
Before 98.10 17.84 - -
After 130.00 24.47 32.52 37.18
The average truck crashes before and after August 1999 are presented in Tables 7.4a and
7.4b. The results show a large increase in the monthly average accidents in the after
period as compared to the before period.
7.2.2.2 Linear Regression Analysis and Slope Comparison. Using simple linear
regression analysis, the slopes of the monthly truck crashes were computed and compared
for the before and after August 1999 periods for all the routes discussed in the previous
sections. The change in slope before and after August 1999 could provide insights to
explain the observations made in previous sections. Also, the sharp change in slope can
indicate an impact from the truck restriction.
Table 7.5a Slopes for NN and Non-NN routes Before and After August 1999
Slope (X-Coefficient) NN Non-NN
Before
After
1.50
6.29
-4.67
10.61
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Table 7.5b Slopes for Individual Routes Before and After August 1999.
Slope (X-
Coefficient) NJ1 NJ22 178 180 195 1287 1295
Before -0.64 -0.25 0.35 0.21 0.27 -0.50 -0.08
After 1.75 0.66 0.38 0.59 2.81 0.34 0.35
The comparison of regression slopes in Tables 7.5a and 7.5b indicates the same results as
obtained from yearly and average analysis results in Tables 7.2 and Tables 7.3. The
regression slopes for all the routes increased from the before period to the after period.
7.2.3 Box-Jenkins Models
The standard four-step ARIMA process was carried out using the SAS software for the
National and Non-National network monthly truck crashes as well as for monthly truck
crashes of other individual routes. For diagnostic checking, the R-square value was used
since, SAS does not have Q* statistic, which is considered the best indicator for ARIMA
time series models. The presentation of the model itself is not an important component,
however its estimated parameters are presented here. The attention is also given to the
intervention parameter and its statistical significance, as measured by its corresponding p-
value.
7.2.3.1 Tentative Identification of Model. ARIMA models need the outcome of
interest or dependent variable values to be stationary (no systematic change in mean and
variance) along with normally distributed residuals. The values should be stationary for
both mean and variances. The data is also non-stationary because of the increasing trend
(presence of systematic change in mean in different years). Experience indicates that if
the original time series values are non-stationary and non-seasonal, then first or second
differencing transformation will produce stationary time series values. The differencing
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also eliminates any seasonal effect (Box and Jenkins, 1970). First differencing produced
stationary series for both National and Non-National network time series.
The plot of the autocorrelation function and the partial autocorrelation function of
the original and transformed data series also suggests if the data series is stationary or
non-stationary. The transformation in the form of simple differencing (First Difference)
was found to be adequate for all the routes analyzed in the research. The autocorrelation
(Correlogram) of the monthly National and Non-National network crashes showed that
the autocorrelation value did not come down to zero reasonably quickly, which also
showed that the original data is non-stationary, however, the autocorrelation of
transformed data showed that the autocorrelation value came to zero quickly.
The autocorrelation of the transformed values of National network truck crashes
showed that it cut off at a lag of q=/ and suggested the -correct" order is assessed as that
value of q=1 and beyond that the correlation values are not significantly different from
zero. This suggests the use of a non-seasonal moving average operator of order 1 in the
model. The first difference transformation of the Non-National network truck crashes was
used. The autocorrelation plot of the transformed values of the Non-National network
monthly truck crashes showed that it cut off at a lag of q=/ and suggesting the "correct"
order is assessed as that value of q1 and beyond that the correlation values are not
significantly different to zero. This suggested the use of non-seasonal moving average
operator of order I. Hence, the order of the moving average operator was identified as 1
(q=1) and the autoregressive operator as 0 (p=0) for both the National and Non-National
network truck crashes. Using a similar method, the order for the autoregressive and
R2
Value
Intervention
Coefficient
p-
value
Statistical
Significance
0.,,i,
Change
(1)
(3,6
Change
(2)
0.697 8.62 0.715 No Evidence 30.41 49.90
0.548 38.60
0.545 No Evidence 31.62 23.26
0.457 29.84 0.009 StrongEvidence
30.42 32.52
0.230 5.64 0.208 Not MuchEvidence
31.62 37.18
0.416 8.82 0.091 WeakEvidence
25.75 44.92
0.369 0.70 0.931 No Evidence 2.13 57.45
0.510 -8.74 0.678 No Evidence -8.59 38.27
Very
Small 9.94
0.055 Appreciable
Evidence
29.26 24.34
Very
Small -0.50
0.919 No Evidence -2.81 23.44
Route
National
Network
Non-
National
Network
NJ1
NJ22
178
180
195
1287
1295
ARIMA
Model
(1),d,(1) 
(0,1,1)
(0,1,1 )
(0,1 ,1 )
(0,1,1)
(0,1,1)
(2,1,0)
( 1 , 1 , 0 )
(1,1,0)
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moving average parts of the model were also identified for monthly crash data of other
individual routes and are presented in Table 7.6.
7.1.3.2 Model Parameters and SAS Output. 	 Using	 different	 orders	 of
autoregressive and moving average operators (Order of p and q), order of differencing, a
step function as the intervention type, parameter estimates of the models were estimated
using the SAS software. The parameter estimate obtained from the SAS analysis consists
of the intervention coefficient and R 2 -value of the model. The SAS output for National
and Non-National network monthly crashes and other individual routes are summarized
in Table 7.6.
Table 7.6 SAS Output and Parameter Estimates
Note: % Change (1) is obtained using ARIMA intervention coefficient
Fairly high R2
 values were obtained for most of the routes. R 2 values for 1287 and
1295 were very small. The smaller value of R 2
 indicates inappropriateness of the ARIMA
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model for a particular data series. This inappropriateness is due to the fact that the
underlying data is stationary attributed to smaller change in variance and mean. From
Figures 7.2c and 7.2d, the time series graphs for 1287 and 1295 also suggest lesser
variation and the values tend to revolve around a constant mean. It can be seen from
Table 7.6 that the statistical significance of the intervention parameter is not very well
correlated to significance of the model itself. NJ1 showed strong evidence of its
intervention parameter while the model itself is not so strong. 178 showed weak
significance and 1287 showed appreciable evidence that monthly crashes did increase
significantly during the intervention time. Neither the National Network nor the Non-
National Network had statistically significant intervention parameters.
7.2.4 Analysis and Results
Total truck crashes for National Network increased from the before to the after period as
indicated from the simple average methods. In the ARIMA model, though not statistically
significant the intervention coefficient is positive confirming the results obtained from
the previous method.. The percentage change obtained from the intervention coefficient
is very close to the percentage change obtained from before-after average analysis. Truck
crashes on the Non-National Network showed the same result as the National Network.
However, the reasons for the result on the National Networks and Non-National
Networks could be different. All the routes that are comprised in National Network
showed an increase in accidents (positive intervention coefficient) except 195 and 1295.
So the overall result is a positive intervention coefficient though statistically not
significant. However, the negative intervention from ARIMA analysis in 195 and 1295 is
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contrary to the result obtained from the before-after analysis and regression analysis,
which showed an increase in accidents during the after period. The explanation for
increases in Non-National Network accidents however could be different, since this
category includes large number of routes with different properties, which could have
diluted the effect of the truck restriction on overall truck crashes.
For 195 and 1295, the ARIMA analysis indicated a decrease in accidents, while
the before-after analysis indicated an increase in crashes during the after period. These
routes are among the heaviest truck traveled routes. It is expected that the truck
restriction put more trucks on the National Network routes increasing in truck accidents.
So the conflicting results in these routes therefore leads to an inconclusive explanation
for the accident behavior on them.
NJ1 showed an increase in truck crashes during the after period, which is
contrary to the expectation that truck crashes would decrease on the Non-National
Network. The intervention coefficient from ARIMA analysis showed strong statistical
evidence that accidents did increase during the time of intervention. The physical
properties and characteristics of NJ1 and NJ22 are similar in nature and both of them
showed increases in truck crashes. However, unlike NJ 1, the intervention coefficient was
not statistically significant for NJ22.
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7.3 65 mph Speed Limit Analysis
7.3.1 Monthly Truck Crash Observation
The monthly truck crashes were obtained from the accident database provided by the
NJDOT. The database had -Date of Accident" as one of the fields. The "Date" field was
separated into Day, Month and Year for each record. Hence, the month associated with
each record was obtained. The database also had the Route Number as one of its fields,
which was used to find whether the accident happened on sections of the routes where the
65 mph speed limit was used. The sections of the routes are in the form of milepost
designations. The accident database consists of accident locations at milepost. Like the
study of National and Non-National Network study, the monthly crashes have been
derived. In addition, monthly crashes for truck-car collision accidents are also derived for
the same sections. The monthly truck-car was included in the research to evaluate if the
difference in speed of trucks and cars is significant and to study if there is a different time
series for truck crashes and truck-car crashes by visual inspection. The monthly truck-car
collision has been calculated for affected sections of the routes and for the whole route
section also. The monthly truck crashes were also obtained for the section of the
following individual routes - NJ18, NJ55, 178, 180, 195, 1287, 1295 where the 65mph
speed limit is used. Except NJ18 and NJ55 all other routes form part of National
Network. The monthly truck crashes and truck-car crashes of individual routes are shown
through Table 7.3a to Table 7.3g
Figure 7.3a Monthly truck crashes in NJ 18.
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Figure 7.3b Monthly truck crashes in NJ55.
Figure 7.3c Monthly truck crashes and truck-car crashes in 178.
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Figure 7.3d Monthly truck crashes and truck-car crashes in 180.
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Figure 7.3e Monthly truck crashes and truck-car crashes in 195.
Figure 7.3f Monthly truck crashes and truck-car crashes in 1287.
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Figure 7.3g Monthly truck crashes and truck-car crashes in 1295.
The truck-car crashes for the sections of NJ18 and NJ55 were not counted for
since the frequency of such crashes was very small. Similarly, truck-car crashes were also
not counted for 1295 (MP4.0 to MP20.0) section. For all individual routes, the time series
for total truck crashes and truck-car crashes are similar although they vary from route to
route. It can be easily noticed that for each route, whenever there is peak for total truck
crash, there is also a peak for truck-car crashes. This could be an indication that there is
no significant difference between total truck crash and truck-car crashes in that particular
section.
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7.3.2 Before-After Analysis
7.3.2.1 Analysis of Yearly and Average Truck Crashes.
	
The comparison of
yearly total truck crashes does not reflect the before-after change due to the restriction
however, it can contribute to understand the overall truck crash statistics. The yearly
truck crashes and truck-car crashes on individual routes are given in Tables 7.7a through
7.8b. The yearly trend of total truck crashes for NJ18, NJ55, 1295-2 (MP35.26-MP67.1)
is difficult to interpret since many of the monthly truck crashes observed are zero values.
It is also the fact that NJ18 and NJ55 are not heavily traveled truck routes compared to
178, 180, 195 and 1287. These routes have higher truck volume at any given time period.
For routes 178, 180, 195, 1287 total truck crashes in 65mph speed limit sections are
increasing, but for 1295-1, total truck crashes in 65mph speed limit is decreasing. For 180
and 195, total truck crash decreased from 1997 to 1998 and then increased from 1999
onwards. It is also an interesting observation that routes with heavily traveled truck
volume show a definitive trend than those where the truck volume is must less.
Table 7.7a Yearly Total Truck Crashes in 65mph Speed Limit Sections.
Year
Total Truck Crashes in 65mph Sections
NJ18 NJ55 178 180 195 1287 1295-1 1295-2
1997 29 6 126 156 125 32 39 53
1998 7 13 159 140 105 37 30 72
1999 11 7 197 169 151 48 28 63
2000 6 11 273 208 152 68 25 98
Year
1997
1998
1999
2000
Year
1997
1998
1999
2000
Table 7.7b Yearly Percentage Change in Total Truck Crashes in 65mph Speed Limit
Sections.
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Percentage Change in Total Truck Crashes in 65mph Sections
NJ18 NJ55 178 180
-
-75.86
-
116.67
-
26.19
-
-10.26
57.14 -46.15 23.90 20.71
-45.45 57.14 38.58 23.08
195 1287 1295-1 1295-2
-16.00 15.63
-
-23.08
-
35.85
43.81 29.73 -6.67 -12.50
0.66 41.67 -10.71 55.56
Table 7.8a Yearly Total Truck-Car Crashes in 65mph Speed Limit Sections.
Total Car-Truck Crashes in 65mph Sections
NJ18 NJ55 178 180 195
83 100 69
92 89 56
114 112 76
161 135 78
1287 1295-1 1295-2
28	 18	 35
26	 16	 47
35	 17	 42
41	 15	 64
Table 7.8b Yearly Percentage Change in Total Truck-Car Crashes in 65mph Speed
Limit
Percentage Change in Total Car-Truck Crashes in 65mph Sections 
NJ18 NJ55	 178	 180	 195	 1287 1295-1 1295-2
Year
	10.84	 -11.00
	
23.91	 25.84
	
41.23	 20.54
8.84	 -7.14	 -11.11	 34.29
	
35.71	 34.62	 6.25	 -10.64
	
2.63	 17.14	 -11.76	 52.38
The comparison of Tables 7.7 and Table 7.8 shows the similar pattern of
percentage change over subsequent years for different routes, which was also similar to
the fact that total truck crashes and total truck-car crashes follow a similar trend. The
comparison of the average of total truck crashes and the average of truck-car crashes
before and after June 1998 are presented in Tables 7.9 and Tables 7.10. In Table 7.9a,
except for NJ18 and 1295-1, the averages between the before and after periods increased.
1997
1998
1999
2000
Table 7.9b Percent Change in Average Truck Crashes Before and After June, 1998 in
65mph Sections
Average of Total Truck Crashes
Period
NJ18 NJ55 178 180 195 1287 1295-1 1295-2
Before 1.94 0.50 11.18 12.29 9.76 2.76 2.71 4.24
After 0.65 0.90 18.23 14.97 11.84 4.45 2.45 6.90
Period
Before
After -66.76
NJ18 NJ55
80.65	 63.07
Percent Change in Total Truck Crashes
178	 180	 195	 1287 1295-1 1295-2
21.75 1 21.24 1 61.02 1 -9.40 1 62.99
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Table 7.9a Average of Total Truck Crashes Before and After June, 1998 in 65mph
Sections
Table 7.10a Average of Truck-Car Crashes Before and After June, 1998 in 65mph
Sections
Period Average Truck-Car Accident
178 180 195	 1287 1295-1 1295-2
Before 6.88 8.00 5.29 2.35 1.29 2.65
After 10.71 9.68 6.10 ,	 2.90 1.42 4.61
Table 7.10b Percent Change in Average of Truck-Car Crashes Before and After June.
1998 in 65mph Sections
Percent Change in Average Truck-Car Accident
Period
178 180	 195	 1287	 1295-1	 1295-2
Before
After	 I	 55.61	 I	 20.97	 1	 15.16	 23.39	 I	 9.68	 I	 74.27
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A comparison of the results in Tables 7.9 and 7.10 shows that the trend of
increase and decrease of truck-car crashes is consistent with that of the total crashes. The
percent change in the average of truck-car crashes and total crashes before and after June
1998 was similar for the same route except for 1295.
7.3.2.2 Linear Regression Analysis and Slope Comparison.
	 The slopes of the
linear regression analysis for different routes are shown in Tables 7.11 and 7.12. For
total accidents, NJ18, NJ55 and 1295 sections showed a decrease in the number of
crashes. Other routes, like in the previous tables, showed increase in accidents. Again,
while comparing total crashes with truck-car crashes for the same route, the pattern of
increase and decrease follow the same pattern. Except for 195, where total crashes
increased, but truck-car crashes remained at the same level before and after. One
important observation was the estimate of the slope value, which in all cases was very
small. These smaller values indicate a stationary trend of the data and a small variation,
which can be further verified by ARIMA analysis.
Table 7.11 Slopes of Linear Regression Analysis for Total Crashes Before and After
June, 1998
Slope (X-
Coefficient) NJ18 NJ55 178 180 195 1287 1295-1 1295-2
Before -0.13 0.012 0.21 -0.34 -0.034 0.05 -0.14 -0.04
After -0.003 -0.016 0.37 0.31 0.138 0.105 -0.05 0.05
Table 7.12 Slopes of Linear Regression Analysis for Truck-Car Crashes Before and
After June, 1998
Slope P'Coefficient) 178 180 195 1287 1295-1 1295-2
Before -0.02 -0.176 0.054 0.046 -0.08 -0.07
After 0.124 0.222 0.054 0.063 -0.01 0.018
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7.3.3 Box-Jenkins Models
The standard four-step ARIMA process was carried out using the SAS software for all
the individual routes for monthly truck crashes which occurred in a particular section as
well as for truck-car crashes of individual routes. Since the SAS software was used, the
steps of parameter estimate and diagnostic checking is automatic. For diagnostic
checking, the R 2 value was used since, SAS does not have Q* statistics, which is
considered the best indicator for ARIMA time series models. The presentation of model
itself is not an important component here, however its estimated parameters are presented
here. The focus is also on the intervention parameter and its statistical significance.
7.3.3.1 Tentative Identification of Model.
	
ARIMA models need the outcome of
interest or dependent variable values to be stationary (no systematic change in mean and
variance) along with normally distributed residuals. The values should be stationary for
both mean and variances. The accident data seems to be non seasonal, as the accident
trend is increasing every year. The data also seemed stationary because of the non-
increasing trend (presence of systematic change in mean in different years). The time
series trend of monthly crash data for some of the routes seemed stationary from a visual
inspection. 178 had a slightly more increasing trend than other routes, which appeared
slightly non-stationary from a visual inspection.
The autocorrelation function and partial autocorrelation function of the original
and transformed data series also suggests if the data series is stationary or non-stationary.
For all the data series, first differencing (Simple Difference) produced stationary seiries.
The autocorrelation (Correlogram) of the monthly crashes showed that the
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autocorrelation value did come down to zero reasonably quickly, which also showed that
the original data is stationary for most of the routes.
7.1.3.2 Model Parameters and SAS Output.
	
Ignoring the fact that the data
appeared stationary, an analysis was carried out to verify this fact and found that
intervention coefficient was very small and so was R 2 value for all the models, suggesting
that the underlying time series data was indeed stationary for all the routes. Th SAS
outpur and parameter estimates for truck crashes and truck-car crashes are presented in
Table 7.13a and 7.13b
Table 7.13a SAS Output and Parameter Estimates for Truck Crashes
Route
ARIMA
Model
(p,d,q)
R Value InterventionCoefficient p-value
Statistical
Significance
NJ18 (1,1,0) Negative -0.28 0.804 No Evidence
NJ55 (2,1,0) Negative 0.79 0.425 No Evidence
178 (0,1,1) 0.293 2.735 0.384 No Evidence
180 (0,1,1) 0.096 1.314 0.658 No Evidence
195 (0,1,1) Negative 0.961 0.577 No Evidence
1287 (1,1,1) 0.040 0.807 0.449 No Evidence
1295-1 (1,1,1) Negative 0.639 0.524 No Evidence
1295-2 (0,1,1) 0.139 3.169 0.048 Weak Evidence
Table 7.13b SAS Output and Parameter Estimates for Truck-Car Crashes
Route
ARIMA
Model
(p,d,q)
R Value InterventionCoefficient p-value
Statistical
Significance
178 (1,1,1) 0.091 2.744 0.202 Not Much Evidence
180 (0,1,1) 0.089 0.297 0.900 No Evidence
195 (1,1,0) Negative -3.371 0.3 15 No Evidence
1287 (1,1,1) Negative 0.127 0.854 No Evidence
1295-1 (1,1,0) Negative 1.794 0.210 Not Much Evidence
1295-2 (0,1,1) 0.106 2.427 0.014 Appreciable Evidence
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7.2.4 Analysis and Results
From Tables 7.9 and 7.10, the trend of increase or decrease in truck crashes and truck-car
crashes appeared similar for individual routes, indicating that the trend of truck-car crash
is not independent to total truck crash. Though the before-after average analysis for total
truck crashes indicated an increase in percent of truck crashes for different routes, the
regression slope values were very small, which clearly indicates that the increase is
minimal. The ARIMA analysis produced negligible values of R 2 for the models of the
routes and its corresponding sections. These results indicate there is a very small or no
influence of the speed limit regulation on truck crashes and truck-car crashes in the routes
with sections of 65mph speed limit. Overall, the effect of the 65mph speed limit is
negligible.
7.4 Multiple Intervention Analysis
7.4.1 Box-Jenkins Models
The multiple intervention analysis was possible by using SAS/ETS, where multiple time
periods can be allocated representing different intervention times in the same ARIMA
model. In this case, two intervention variables were introduced to the time series and
ARIMA models were derived. The two intervention variables are for 65mph Speed Limit
and Truck Restriction regulations. The analysis was performed on monthly truck crashes
for the following routes:
- National Network (Contains mostly interstate routes, where 65mph speed limit and
Truck Regulation was imposed)
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- 178, 180, 195, 1287, 1295 (The monthly truck crash data was analyzed for the section
of these roads where 65 mph Speed Limit was also used).
7.4.2 Model Parameters and SAS Output
The output and model parameters obtained from the SAS analysis is presented as Table
7.14.
Table 7.14 SAS Output and Parameter Estimates for Truck Crashes due to 65mph Speed
Limit and Truck Regulation
Route
ARIMA
Model
(p,d,q)
R2 Value
Intervention
Coefficient
(65mph
Speed Limit)
p-value
Intervention
Coefficient
(Truck
Restriction)
p-value
National
Network (0,1,1) 0.700 23.69 0.464 19.67 0.523
178 (1,	 0) 0.283 -0.54 0.908 12.63 0.009*
180 (1,1,0) Negative 2.77 0.601 0.107 0.983
195 (1,1,0) Negative -7.37 0.131 0.036 0.994
1287 (1,1,1) Negative -0.672 0.802 2.508 0.353
1295-1 (2,1,0) Negative 2.210 0.119 1.154 0.410
1295-2 (0,1,1) 0.140 3.141 0.052** 0.316 0.844
Note: * Strong Evidence ** Appreciable Evidence
7.4.3 Analysis and Results
Since the monthly truck crashes analyzed for individual routes were for the sections
where a 65mph speed limit was implemented in addition to truck restrictions, the
parameter estimates and intervention coefficient are different from previous results, since
two intervention variables are used instead of one in the previous cases. Only 178 section
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showed statistically significant intervention value due to truck restrictions, while the
1295-2 section showed a significant intervention value due to 65mph speed limit.
When analyzed separately, the monthly truck crashes for the full length of 178 did
not have a significant intervention coefficient for truck regulation and the section where
the 65mph speed limit was imposed also did not show any significant intervention value.
However, when the same section of 178 was analyzed in combination, the result had
significant intervention coefficient. At this moment, it is difficult to analyze the effect of
intervention variables on each other and a literature review for this kind of analysis was
not of any help.
Chapter 8
CONCLUSIONS AND FUTURE RESEARCH
8.1 Conclusions
The primary objective of the truck restriction regulation was to reduce truck crashes on
the Non-National Network by restricting the interstate trucks to the National Network.
However, the truck crashes failed to decrease on the Non-National Network, while
increased truck crashes on National Network at the same time. The increase on the truck
crashes in National Network, to some extent can be attributed to the Truck Regulation,
but to what extent it can be attributed to Truck restriction regulation, is difficult to
analyze, since the intervention coefficient from the ARIMA analysis is not statistically
significant. Similarly, the increase in truck crashes on the National Network was
statistically not significant. However, the results from both the simple before-after
analysis and ARIMA analysis showed similar percentage change for both National and
Non-National Networks. To conclude that truck crashes increased on the National
Network due to truck restriction regulation is difficult. Unlike the National Network, the
Non-National Network consists of a large number of routes of various characteristics.
This fact could easily dilute the contribution of the truck restriction regulation on truck
crashes.
With regard to results of individual routes, NJ 1 showed a significant increase in
truck crashes during this period even though it is not part of the National Network. The
fact that truck crashes increased on this route could provide doubt about the objective of
the truck restriction regulation to decrease truck crashes on NJ1, which is part of the Non-
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National Network. It can be easily concluded that truck restriction regulation failed to
reduce truck crashes in NJ1.195 and 1295 showed a decrease in truck crashes, but it was
not statistically significant. At the same time, before-after analysis showed an increase in
accidents. Hence, the results are contrary and could lead to insufficient evidence to
conclude that there was a decrease in truck crashes in 195 and 1295. For routes NJ22, 178
and 180, both before-after and ARIMA analyses showed an increase in accidents, but
without statistically significant intervention coefficient. The increase in truck crashes on
the National Network can also be contributed to the result of increase in truck crashes on
its component routes.
The before-after analysis for the 65mph speed limit study showed that there was a
decrease in total truck crashes in NJ18 and 1295-1, but linear regression showed
otherwise. For Nil 8, the ARIMA analysis also showed decrease in truck crashes, but for
1295-1 it showed an increase in truck crashes, though the results were not statistically
significant. For other routes, the both before-after and ARIMA analyses showed an
increase in truck crashes without a statistically significant intervention coefficient. The
results from before-after analysis for NJ18 and NJ55 is highly misleading, since most of
its monthly truck crashes observation is zero. The important observation in this analysis
is that for all the routes the ARIMA models failed to be statistically adequate in terms of
R2
 values. The ARIMA model requires that the underlying data be non-stationary and
should vary around a constant mean. Time trend plots of all the routes showed that the
data were stationary and not much variation occurred in time. This clearly indicates that
65mph speed limit did not have any effect on the route and its sections where it was
implemented. The study prepared by NJDOT and based on before-after percentage
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comparison concluded that there was increase in fatality and injury accidents (NJDOT,
2001). The before-after comparison of this research gave similar sounding results, but the
ARIMA analysis proved otherwise.
The combination analysis for truck restriction regulation and the 65mph speed
limit was used for National Network and individual route sections where a 65 mph speed
limit was implanted. Except for 178 and 1295-2, all the routes showed statistically non-
significant intervention coefficient. When 178 was analyzed for the monthly total-truck
crashes, the intervention coefficient was not significant, but a statistically significant
intervention coefficient was obtained when analyzed in combination with the truck
restriction regulation intervention variable. Similarly, 1295-2 also showed a statistically
significant intervention coefficient. This clearly indicated the significant effect of
intervention of both 65mph speed limit and truck restriction.
In general, there is a distinct difference in results obtained from the before-after
analysis and the ARIMA analysis. For some cases it was contradictory and could lead to
inconclusive results. Researchers have expressed a serious doubt on before-after analysis
for this kind of studies, where data is related to time. The before-after analysis and
regression analysis is based on assumption that the underlying data is independent. On
the other hand, ARIMA analysis is based on the assumption that the underlying data is
not independent to each other and depends on each other through time.
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8.2 Future Research
The minimum number of samples required for ARIMA analysis is still not definitive and
different researchers have suggested a different minimum number for the sample size.
Regarding this research, the 65 mph speed limit was implemented in 1998 and Truck
regulation in 1999. However, the total data ranges from 1997 to 2000. The results would
have been more accurate with a larger range of data before and after the intervention
periods. The existing accident database also does not distinguish between interstate or
non-interstate trucks. This distinction could have provided valuables insights to the
analysis.
In addition researchers have proposed a number of statistical methods different
from the ARIMA method and also different kinds of ARIMA methods with multiple
variables. Researchers agree that the choice of an appropriate model from the generic
ARIMA model set is subject to experience of the researchers. This research used the
simplest form of ARIMA model with only one variable (monthly truck crashes).
However, number of other variables that could affect the truck crashes can be included in
the time series analysis. Also, more complex form of ARIMA model used which could
explain the interaction of multiple intervention variables as well as multiple time-
dependent variables. Hence, future research can be focused towards two aspects —
accident data and using appropriate time series method. In many before-after studies time
available to collect "after" data is limited because of the need to study the effect of
regulation immediately. Also, the choice of statistical method is subject to criticism, as a
perfect statistical method may not be available which could fully explain the data and its
results.
APPENDIX A
MONTHLY TRUCK CRASHES IN NATIONAL, NON-NATIONAL NETWORK
AND INDIVIDUAL ROUTES
In this Appendix, total monthly truck crashes in National, Non-National Network and
Individual Routes from Year 1997 to Year 2000 is tabulated
Monthly Truck Crashes in National and Non-National Network
Month Name  Month NN Non-NN Month Name Month NN Non-NN I
January 1 217 543 January 25 253 432
February 2 161 453 February 26 142 371
March 3 209 538 March 27 238 378
April 4 217 557 April 28 217 436
May 5 228 587 May 29 246 469 
J une 6 198 619 1999 June 30 270 475
July 7 214 564 July 31 253 488
August 8 235 645 August* 32 229 483
September 9 229 574 September 33 273 560
October 10 237 661 October 34 307 586
November 11 241 555 November 35 306 537
r----
December 12 139 516 jDeceniber 36 311 560
January 13 189 436 January 37 	 368 718
February 14 175 418 February 38 326 552
March 15 188 379 March 39 336 548
April 16 203 486 April 40 293 526
May 17 273 523 May 41 390 663
89 June 18 256 494 June 42 397 687
,z-
19 J illy 19 232 480
0
1 July 43 362 718
August 20 258 483 August 44 393 699
September 21 270 469 September 45 362 651
October 22 253 550 I October 46 322 664
November 23 257 427 November 47 	 359 666
 	 December 24235235
 531 JL December 48 I
I 	
365 684
Note: * Effective /Puck: restriction month
NN -- National Network
Non-NN -- Non-National Network
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mutiny Truck Crashes in Individual Routes(1997-1998)
Month Name Month US 1 NJ 22 178 180 195 1287
1295
January 1 113 19 29 32 101 54 15
February 2 78 14 26 32 77 23 15
March 3 101 16 30 39 77 55 18
April 4 119 21 31 26 97 45 29
May 5 107 20 36 35 117 45 18
t---
c:. 1997
,-1
June
July
6
7
121
91
20
24
26
27
18
27
115
119
40
46
17
14
August 8 117 21 47 28 121 36 23
September 9 104 25 46 40 106 39 17
October 10 119 24 44 48 102 34 24
November 11 99 37 29 41 127 43 18
December 12 125 27 27 15 68 20 15
January 13 85 14 24 32 51 37 14
February 14 95 13 28 26 74 14 13
March 15 66 12 29 39 77 32 11
April 16 95 15 32 21 90 25 23
May 17 113 13 35 28 132 33 21
on
c::: 1998 June 18 89 21 32 32 119 36 14
July 19 98 11 18 29 128 23 27
August 20 92 21 34 35 121 33 17
September 21 91 11 37 44 120 27 22
October 22 99 14 26 33 113 47 24
November 23 75 16 39 42 98 29 23
	December 24 118 18 38 26 125 20
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Months Truck Crashes in Individual Routes (1999-2000) 	 (Continued)
Month Name Month US 1 NJ 22 178 180 195 1287 295
January 25 92 21 47 38 85 47 25
February 26 89 18 30 16 66 17 11
March 27 94 12 50 35 90 27 18
April 28 89 12 37 32 88 33 10
May 29 93 14 44 43 107 27 16
9 June 30 89 13 48 33 122 32 17
c;,,
,—, July 31 85 16 36 53 119 34 11
August 32 97 14 34 33 111 34	 I 15
September 33 116 21 42 46 98 48	 j 11
October 34 116 24 59 65 114 36 27
November 35 122 22 52 32 140 39 17
December 36 116 27 39 64 147 25 28
January 37 139 26 63 52 140 55 25
February 38 129 29 49 58 112 49 17
March 39 160 14 57 49 125 54 21
April 40 98 18 37 39 144 30 20
May 41 151 28 53 57 175 47 30
0
cz0
June 42 148 22 53 60 188 37 20
el July 43 130 25 45 52 163 37 25
August 44 154 23 64 50 156 50 27
September 45 143 23 49 68 139 46 27
October 46 123 44 46 45 119 50 23
November 47 144 24 49 59 162 35 16
December 48 124 32 53 50 157 46 i 	24
Crash
Type 
MP Start
MP End
Month
N
1997
January
February
March
April
May
June
July
August
September
October
November
December
Total
Crashes
14.79
29.88
3
1
3
5
2
2
2
1
1
4
4
1
Truck-Car
Crashes
0
43.86
7
10
7
12
7
7
8
6
17
10
16
5
Total
Crashes
21.49
55.98
2
0
0
0
0
0
1
0
1
0
0
Truck-Car
Crashes
0
60.54
3
3
3
0
2
2
1
7
1
2
2
1
0 9
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APPENDIX B
MONTHLY TRUCK CRASH AND TRUCK-CAR CRASHES IN INDIVIDUAL
ROUTES WITH 65MPH SPEED LIMIT
In this Appendix, total monthly truck crashes and truck-car crashes in individual routes
with 65mph speed limit from Year 1997 to Year 2000 are tabulated
Monthly Truck Crashes in 65 ph sections of NJ18 and NJ55.
NJ18 NJ55
January
February
March
April
May
June
July
August
September
October
November
December
Month
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
NJ18
Crash
Type 
Total
Crashes
Truck-Car
Crashes
Total
Crashes
Truck-Car
Crashes
MP Start
MP End
14.79
29.88
0
43.86
0
60.54
21.49
55.98
Month
J anuary
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
Month
37
38
39
40
41
42
43
44
45
10
19
11
10
15
Monthly Truck Crashes in 65 mph Sections of NJ18 and NJ55. (Continued)
Note: *Full length of the route.
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Monthly Truck Crashes in 65 mph Sections of 178 and 180
Crash
Type 
MP Start
MP End
Total
Crashes
Truck-Car
Crashes
0
67.83
Total
Crashes
48.12
Truck-Car
Crashes
0
67.8348.12 I 48.12
Month Month
January
February
March
April
May
June
July
August
September
October
November
December
7
9
7
11
3
January
February
March
April
May
June
July
August
September
October
November
December
27
20
28
19
21
19
21
17
22
22
13
20
34
32
28
13
16
96
January
February
March
April
May
June
July
August
September
October
November
December
Monthly Truck Crashes in 65 mph Sections of 178 and 180 (Continued)
Crash
Type 
Total
Crashes
Truck-Car
Crashes
Total
Crashes
Truck-Car
Crashes
MP Start
MP End
Month
0
67.83
0
67.8348.12 48.12 48.12 48.12
Month
January
February
March
April
May
June
July
August
September
October
November
December
17	 12
19	 10
17	 8
19	 15
16	 11
22	 15
16	 11
30
11
30
20
30
19
40
21
35
39
26
36
15
14
10
12
15
26
15 9
14 9
9
10
4
5
10
15
30
33
32
23
38
40
29
33
97
98
tions of 195 and 1287Monthly Truck Crashes in 65 mph S
195 1287
Crash
Type
Truck-Car
Crashes
Total
Crashes
Truck-Car
Crashes
Total
Crashes
MP Start
MP End
43.114_3.113.733.73
33.81
0
67.5466.366.3
0
77.96
Month Month
40
10
5
14
10
14
35
r--
27
30
34
35
24
30
J anuary
February
March
April
May
June
July
August
September
October
November
December
221
41
39
34
52
61
49
60
60
54
49
65
31
14
12
10
1213
1
29
12 7
30 25
50 10
24
21
25
25
49
50
87
87
85
68
81
15
January
February
March
April
May
June
July
August
September
October
November
December
17
15
71 31
67 19
91 15
12
10
10
12
7
12
19
8
12
11
12
20
16
12
18
11
10
4
6 5
318
10
4
1
5
5
10
3
5
8
32
35
21
32
27
23
99
Monthly Truck Crashes in 65 mph Sections of 195 and 1287 (Continued) 
195 1287
Crash
Type 
MP Start
MP End
Total
Crashes
3.7_3
33.81
Truck-Car
Crashes
3.73
33.81
Total
Crashes
4:3.11
66.3
Truck-Car
Crashes
0
67.54
0
77.96
43.11
66.3
Month Month
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
25
26
27
28
29
30
31
32
33
34
35
36
14
19
14
11
12
14
2
1
47
35
57
41
61
69
83
66
67
70
100
104
86
75
75
89
113
112
99
97
89
78
99
93
31
12
16
24
18
26
25
23
34
28
29
20
37
38
39
40
41
42
43
44
45
46
47
48
1295-1 1295-2
Total
Crashes
4.0
20.0
Month
Truck-Car
Crashes
4.0
67.79
Total
Crashes
35.26
67.1
Truck-Car
Crashes
3 5.i6T-07(7)
67.1	 67.79
0.0
20.0
3
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
10
10
22
13
10
7
13
14
14
8
8
10
12
19
14
12
16
9
3	 I	 0
11
4
3
10
10
22
13
14
14
10
10
8
19
12
14
12
16
8
8
8
9
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Monthly Truck Crashes in 65 mph  Sections of 1295-1 and 1295-2 
Crash
!N
MP Start
MP End
Month
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
1295-1 1295-2
Monthly Truck Crashes in 65  mph Sections of 1295-1 and 1295-2 (Continued
Total
Crashes
Truck-Car
Crashes
Total
Crashes
Truck-Car
Crashes
Crash
MP Start
MP End
35.26 35.26
67.7967.79
Month
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
42
43
44
45
46
Month
4
4
4
8
6
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